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(54) B8(Pl©£Si] #MWBB#*?©Sfim *H*fc*F©»«m III- 

(57) [gfi] f£V_ 

^mmmM-$%mktf% 2 <om b womb 

^JLT^SttlM I I -Vfiftoft^ifSS 1 <v 
MMi 1 i-vl^Wlftltflfflli 1 1 

- v?ME^»aift8« 1 ©±ffi±-?jg 2 ©f^ B tm 




< 



(2) 



1 



mm i ] w\ (D^mimmmtzm^frz* 
i <Dm,wcm% i mmmm&^M^m 
mmmm&mtmmm 2 mmmmimm 
^jlt^mmi 1 i-vMitnmmmu<D3i 
m±mmmmmmmitm,i 1 i-vsat 

±tasf»i 1 i-m(t^¥mm&±wmm 10 

[11*112] mmm&i 1 1 -vMit^mfa 

Sl/tfc < «fc 3 fc l/fe t t t£ii*il 1 !B«© 

¥*ft^lt?©lSgm 

[« *in 3 ] ±mmi tym 1 1 1 - v asft^ft 

«^ft$€SMt±fH®2©M^±fH^fttl^I I 20 

s lt*3 < £ 5 L/c c t mm 1 1 % n$m 2 ibs© 

mm 4 ] mpftfemz a 1 m mtti-ess c it 
mmttmm 3 !E«©^f*^it7©»3 

So 

[ff*If!5] ±K3fSoa«tt 1 0 ju mW±TfeSC 

i t -r a w*® 3 !E«©4^f*^iff ©g£t£ 

So 

[«^6] iwmi&mi 1 i-v^t^ti^f* 30 

tzzsichrcct mm ttzmm. 2 ib*© 
[ff*ip!8] ±!Hx7^y^a^x7 M7fy^ 

Melt £ f 3 If*® 7 IBS©^*!*^*?© 

[ft*® 9] ±!Hx7^y^F^^X7^y^£ 40 
tzmm 7 !B«© WMIi?©S 

iim 

[If*® 10] JJ3x»;f^ ^ttlftft^x 7 ? y 7? 
Melt t T 3 §f *® 7 !E«© W*^*?© 

mm 1 1 ] ±fHSfbt)^ 1 1 1 - vif»i 
t*5 < <fc 9 1 l/c 2i i £#a t -r« mm 1 ibs© 

[ff*®l 2] ±HH®2©1iig^±fHgftt)^I I I 50 
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- Vg^tfW*S«©±ffifr^£©^ 
SftTV^Ci£#il(£-f£ff*®l l!B«©W*% 

[ff *® 1 3 ] ±!HH 2 ©f»«2tl/cgKW± 

1 2fH«©^ft^«?©S}g73So 

[fl^il l 4 ] ±!BSWI©«i±tBSft^ I I 

1 - mfc-eflB^mmmmz d s^atsa c 

i:*#«i:-rs^«i l !B»© W*IM?©S}g 

[11*11 1 5 ] ±!B»wi©«i±tBSft«^ 1 1 

mmttmm 1 1 tm^mmm^mm 
m, 

[§f *® 1 6 ] ±HEI»ft 2 ©tMJlJTO»J 

lt^sc t mmttumm 1 hb«©w*im 

mm 1 7 ] ±tBtf(©j§ 2 ©wiA^?^ 
jiirowjLT^ t i^#i(i tmm 1 IBS© 

[n*® 1 8 ] ±!ei»j§ 2 omummm 
\cmtf3\zffliLrv& ctmmttmm 1 hh« 

mm 1 9 ] mm<D% 2 ®^aiE^t&?«t 
amwtEwuT^s c tmmttmm 1 ibs© 

W^ftit?©iegm 

[fi*®2 0] u^mm^-DtDimzmm 
mmt 2 0 ju m «±T^« c tmmttmm 1 

fB«©*#ft%^*?©Sji7ar£o 
[11*12 1 ] S^tPgt«ro©±!H® 2 ©M« 

©Klfitd: 5 0 n m£U:"CSS C t^ff*® 1 

[!S*« 2 2 ] Si- 1 pgf sr-Q©±!3® 2 

©raffia i o o iim&tmzctmmttzmm 

l IBS© W*!M?©S!m 
[!!*« 2 3 ] ±!BH 2 ©1S«©ga?iJMffia 2 0 /i m 
W±T?£ S C i t f S fl*il 1 6 !B«©^»f*% 

[!l*il 2 4 ] ±!BH 2 ©l«©E?iJMffia 50/im 

jK±i?fe s c t t -r s i*ii 1 6 mmvmm 

imm 2 5 ] ±!BH 2 ©l«©E?iJMffia 100,1 
m«±l?S^ C t t^f|*Il 1 6fB«© 

^*?©SS^o 

[H*« 2 6 ] ±!BH 2 ©l«a^S^ft ft«©ff^« 

mtz c t mmttmm 1 hb«© 

^©Sjg^o 

[H*S 2 7 ] ±!BH 1 <om t ±!BH 2 ©1i« t © 
rat±!BH 1 ©¥»i^g <fc D B < , ^-3±fBH 2 © 

¥»i^g <fc d ffi^n 3 mmmmmm %w 3 



3 

mmmm^nx^ c tmmttumm 1 mm 
mm 2 8] mmitm i 1 1 -vif^s^i 

ffi±-?±tBH 2 ©iS«£ <fc MBH 3 ©is« t 
L^\£9fcL/eCt£#m^§lf*«2 7!BS©¥ 

^^^©sim 

[»i 2 9 ] mmitm 1 1 1 - v m^wh 

f*l£ij!cft2^Mfc±tB!§2 ©f«d J;tf±!BiI 3© 

i«^iiaift«i i i-v*{^w«fts*t©± io 

ntt^ti*ii2 8tB«©^»ft^*±©tfit7m> 
[fi*ii 3 o ] ±tBjg 2 ommmmt 1 o m«± 

1 0 0/xm«TTS«Ct£#lttt£tf*IIlfB«© 

[fl*II 3 1 ] ±!BJg 2 ©MS© W.mt 2 0 /; mttl 
5 0 n mfiTPC&S C £#lt t t«fl*iM 1 !B«©¥ 

mm 3 2 ] ±hbj§ 3 (Dmmmm±m% z ©m 

«©*g < fcD2 0/imJM±2 0 0/imWT^f^Ci:^ 20 
#^t£W*if 2 7!B«©¥*ftOTt?©»3 

So 

mm 3 3 ] ±hbj§ 3 mmnrntmrn 2 ©m 

D 4 0 jti mtti 1 6 0 /i mETRfct^C 
#i[ W!f*il2 7fB«©¥*ftOTg?©»3 

So 

[« #S 3 4 ] ±!BI§ 3 ©H«©*H«±fB|g 2 ©M 
^©itgit) 6 O/imttil 4 0 /imETRfct^t fc£ 
4f&fcT*if3&il2 7fBt©¥«f*^lt?©Sl£ 
So 30 

[fi*Jl 3 5 ] ±fBS5 2 ©f§«© MSfu^Stt ±13 

h i (Dmmw-mmmm 5 {g«±-?<g 5 c t mm 
ttmm 1 mm(Dmmm^mmm 0 
mm 3 e ] ±hbj§ 2 ©fui© a 1 x 
1 o 8 cm 2 £A±?&%ctmmttumm\tm 

mm 3 7 ] ±hbj§ 1 ©^©ws^m* 2 x 

1 0 6 cm -2 «T\ ±!BJ§2©1g«©TOMiMH;l 
X10 8 cm -2 «±TS^Ct^#|SfrS!l*l||lfB 
S©W*5M±©S1aTSo 40 

[ft 3 8 ] ±hbh 1 omwmsmm 2 x 

1 0 6 cm -2 «T\ ±!Big2©M«©¥MiSfi«l 

x 1 o 8 cm 2 «±, m%3<mm>¥mstiffiffi& 

1X10 8 cm* JcD/J^^ 2X1 0 6 cm'j;^ 

tret £#ft t -r« ti*ii 2 7 hb«© w*i8^f?± 
©S173S0 

[fi*ii 3 9 ] ±i mitm 1 1 1 - v mit^m 

ftSSttAli B y Gai- s - r z In, As. Ni-u-» 
P, (/c/cU O^x^K O^y^K O^z^K 
O^u^K O^v^K 0^x + y+z<K O^u 50 
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+ v<l) frS^ut£#IKt^»IltB«©^ 
afft^iP§±©l£g73So 

[H*JI 4 0 ] ±!BSfMM I I I - V&{fr&tf¥$ 
ftS««Alx By G a i-«-,-z I n. N (ftfcU 0 
^x^K O^y^K O^z^K 0^x + y + z< 

i) ^r^z.tmmttmm\tm^m\m 
mm 4 1 1 mmm% \\\- vmit^mm 

fl@RttAli Gai-r, In, N (fc7£U 0^x^ 

k o^ z ^ i) fr^r s &ztmmtt%mmim 

mm 4 2 ] ±ibs{mm 1 1 1 - v^ft^ti^¥ 
mmt g a n c t mmttmm \ tm 

mm 4 3 1 mmmm^mmw- u-w 
ctmrnttmrn \ mmvmmm^ 

mm 4 4 ] ±mm mmxteffltM *- k 

■PSS c T5H#E 1 !B«©^§{*^ii? 

[H*S4 5] j§ i fiD¥^RBf»fi*frsnes^6 
i mmitmm 1 ©¥^^® .t db^® 
2 ©¥^RS«a^tt sim©^ 2 ©m«^ w&mt 

m±mmmmmtmitmi u-vm 
mmtmi 1 1 -vMit$mmmtf±mmm 

% \ I I -VSMt&Wj»f«S©±ffi±T±fB^2© 

©M«<fc oig B B B tt^s^ti(©ii2 ommmmm 
ffi±t^*?«}i^ffMt^gf^ 1 1 i-vm 

±tBSfwi 1 1 -vwnt^mmfaMftmmm 

%l I I-VM^W*a«©±ffi±T-±fBH2© 

mmmmmLr^k^cLtcctmmttzm 

mm 4 7 ] ±hbh i (Dmmmm^xh d , ±hb 
®2 ommmm^ m^$> l < tt^n«s/cacn 
5 ©r «±*« l /c t © -e s « c t mm 1 1 z if* 

S4 6fB«©W*%^*?©S}i^o 
[fl^II 4 8] Hi ©TO«fi£t^£g B B B fr 

i <mmt±m% 1 ©¥»i^gj: d b^h 

2 ©¥»i«a^tt^ti(©ll 2 ©M«^MMiJWt 



(4) 
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m±im^mmmmm{tm\ i i-vw&& 

cfc 5 t L/c W*ig?«Sfig73?£l?<g o T, 

n« t ls^ <fc vichtcct mm tzm 
mm 4 9 ] mmm^imm^x^?, c t 
mm 5 o ] ±mmim^mm : r x& a c £ 

^#Htt^f|5j<Il4 8 fBf «^2ff«?©Sji73ffio 

mm 5 1 ] ±!B Wiimiiti^T m^x&z 

[fl^II 5 2] Hi ©^fcl^g&t"^*^ 5 
&SH l <?»^c±!BH l ©¥^IS(Stf5g<J: Dffi^H 
2 ©¥«fM£tt«|gi[©!§2 ©MTO!PJJ6^ 

iffi±t*?Sl^ffMt«Sft:ft^ I i i-vlft^ 20 
% ¥*f*«£$ft^3 c h ic k d ¥3W*i&?£SB&r 
S <fc 5 Lfc¥£ttifc?fiDSBl#&"C$ T> 

±hb^{emi 1 1 -vmitsmmfomftmmm 

mi I I-VM^^*ftS«©±ffi±T±fHH2© 
[fl*S5 3] !BSfr6as®ifiDfl|«tf»fc:«:fiD®i 

j; d i^iwi^tacH 2 (Dmmmmmcm 

ffi±tfg?#fig£ffMt£M« i i i-vSKk-Sft 30 

mmmmi i i-vM^w*i^±!BSftti 
i i-vMitm¥mmmm±.x*mm2<D 

mm 54] hi © wMa^t^fg^e. 

ft^H l <ommc±m% l ©MtefiMJ; Dfi^H 

2 ©TOisfu^g^t-r « ta©® 2 wif»<: 

E^iJ L T ^ « W*Sffi© ±ffi± t^sg^if jg£JM 40 

±mmfom®±mmmm<D3m±x±mm z com 
mm 55] hi ©^^RSffifif^t-rsiss*^ 

%£H l <DMm £±fBH l ©¥^KgJ; DrSt/ig 
2 ©¥^R8fBg*ttS^g[©^ 2 

e^ij l r ^ 3 mmmmtimftm^mmm®, so 



8®f £ L/c^ft%)t*?0Sjg73Sl?So 
X, 

m^m&m&im m{mmm±xm% z 
m t mm midfeet mmtt^, 

[liaise] 

MLxi^mmmm±mmmmmzm 

m % <t *> t l rcmmm^mmmx&^x, 
mm»mtfmmmm(Dm±.xm% z 
mtmmmhKh^ ? three t mmt ? 

mm 57] hi ffmmaim&mt^m^ e 

&£H l «Wt±fBH l ©TO«fiJ: Da^H 

2 s£&0fg 2 ©»wjj6^ 

K?JLT^¥^Sit©±ffi±fcig?flfB£7Mt3 

«fc*gsaBiuft^<k 5 l/cc t 

5 8] hi o^^RBftfisfrsnes^ s 

a^H l «M«^t±fBH l J; DB^H 

2 ®¥$fcffi*g£t-r S£&©8i 2 MM'Mt 

«t hrcmim^mmmx&^x, 
mm{im % mmmmm±.x±.m% z m 
mtmm&hKh^^ichrcctmmttzmfa 

b ic h rzmwm^mmmxh ^ x, 

m mmvmmimmm±.xm% z m 

mmmmmhr^&bichrcctmmttz m» 

mm eo] hi mmimmm^^ 
ft^H i mmttm \ mmm&wn*^ 
2 mmmmwkMtmw)^ z mmmmimc 
wi\hx^mmm±icmmm*&m%m& 
chick*) m^mmtz, & ?> ichkm^m 

mmifmmmmtxmm z mm t uwm 
ht^kbichrcctmmttm^mmmo 
mm en hi (D^mtm&mtzmMifr 



2 m^mmmmmmw, 2 vnmmmmic 
i£^z.t\z£^m^w.mz>k^LTcm : ?(Dwm 10 

±HBl^±tBa«©±ffi±-£±tB!§ 2 ©fS^ 

[fS*II 6 3] Jg 1 ©TOMiM£W^|g B B H fr 5 
ft^H 1 ©fWi^lBlg 1 <D¥i%&m&& DiSt^H 
2 ©WfSfiM^ttS IS©!! 2 ©ig^il 1 

fttit 1 mmmmmcmnu ±tBH 1 ©t^« 

mmmmmnbx^mitmi 1 i-vim 
^*f*ais©iffi±^ii^^s^^^tssfbft^ 20 

1 I I-V^^#^«£j£gS£Stfcfc«fcD¥ 
Steffi?* of, 

±hb^{emi i i-vMitsmmmtfmmm 

5S I I I-VM^^*ftS«©±ffi±T±fB®2© 
[fl*S6 4] |gl©¥i^(iW&ttSI£ a B B fre. 

1 mm^tm \ vw&ms&z 

2 <D¥mmm%?z>m<D%2<Dmti i % 1 ©^ 30 
iRiicm 1 cof a mvmwmic$mb, mm 1 ©7^jta 

£f £?g 2 ©7»±fBJg 1 ©FbIBIJ; 9/J>£<^2 

±!BSf»I I I-VM^ftW*l^±!B^ftt) 
Si I I -VM^ftW*a«©±ffi±-£±!Bil2© 
M«t*ggttLa^j;9tL/cc:t^#i!(i-r^^» 40 

mm& 5] sn^^m ©^wcc^i 
©n« <fc d £gBift»«©?g 2 ©twig 1 <om 

t%%Z ©7^1fc±!BH l ^ralPSJ: t)/J>2^!2 ©Fall 
»«E^JLT^S«M I I-VMt^W 

«{*a«©±ffi±t^)^#§i£jM^^tM 1 
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±hbs«m 1 \-vm\t^mm\mtfmmtm 

Si I I -V«ft^W*a«©±ffi±^±fBH2© 

mm ee] hi mmmmmmu^ft e> 

1 ©1Sa^t±fBII 1 ©TOfsfu^fiJ; D a^H 

2 mmmmmmmmim&tmmw, 2 

I i -vSfc^Wlftli©iI±i^»II5 
MtSlftKi 1 i-vM^WW*/IMI£ 

±!B^fctfSl I I -VS{k^W»ftl^±fBS« 

f ; i 1 1 vmrtwr^j^© i-ifii h-ek,;B^ 2© 

mme 7 ] mi nmxmmtrr&m&frz 
*m 1 ©hwmbh 1 on^nm^m^ 

I I -vmitsmmfomvmtmmmm 
mtzmitmi 1 i-vs<^wi#i$i«s 

mmitmi 1 \ -vMit^mmm^mmm 

% I I I -V$Ht£ft¥W*8*£©iffi±-?±tBi!2© 

AS«fc*88»iLft^ <fc 5 1 ltcc tmmt tz^m 

©fuiu oig H B B tt^s^*n«tifit«iis©m2 © 
mmm^icmcmmmcmmbx^&mmik 1 1 

1 -vffift&ti^f*a«©±ffi±t^^s}i^ 

StSSftKl I I-VlfWIftlMS^f 

ticket mmm^mmtz l^i 

±!BSf»I I I-VM^W»f*l^±!BSft% 
SI I I -VSft^W*a«©±ffi±T-±fBH2© 

m« i: itg^ftn ls^ j; 9 1 l/c c t mm 1 1 %m 

mm 6 9] hi mmmmmmu^ft s 
as^ 1 ©ffi«^t±fBH 1 ©TOsft®g<fc DB^ii 

2 ©¥»iiea^ti-^ti!©ii 2 omm 1 ©73 
^tHi ©r B »«e<jtE^jL, ±hbhi (Dmm 

2 ©73 ^t±fBH 1 mm <fc D /h? 2 ©Pal 
^M|iJWtga^iJLTV^S«S I 1 i-vsft^a 
Wfta«©iffi±t*?«l^ffMt^Sf[:»S 1 1 
I -V«ft^W»f*l^Jtft?^^u tic X D 
*?^S}g^^ <fc 9 1 L/c^Wf**?©Sji73r£^S o 

±fBSftaSl I I -VM^W»f*l^±!BS« 
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Si I l-Vtt»IIW©iIiOT2© 

mm t mm Lft© <t a t l/c c fc £#itfc ?z m 

mm 70] hi ©TOMa^t^*^ s 
ft^H i mm\^±m i ©»«fi <t t> k©h 
2 ©w«fi£t^igs©H 2 ©t^n i ©73 
^jtH i ©p B »Mf«c:E^L, ±ibh i (Dmtm 

St^H 2 ©73 ^Jfc±tBH 1 MScfe D /j^©h 2 ©m 
MIWtPJLtt^SftMl I I-V8Kfc#BS 

w*a«©iffii:fcfS?«}i£^^M[M 1 1 io 

1 -vift^iftiM«?t^^tawift 

Hi^Sl^ £ 5 £ L/c^ft*?©Sji73ffiTfeo 

±!B^{E:iiSi i i-vM:£®¥*ftB^±fBS{tti 
Si i I -v«{[^tiW*afk©±ffi±i?±i3H2© 
fc it ggfcfl L ftt ^ 5 ic L fc £ fc fc -r a 

[fl*ii 7 1 ] iguanas® i fiDfli«tf»fc: c ©H i 

©HftU Df£llftftM©t$[©!§2 ©HffigctfH 1 ©73 ft 
fcHl©PIFSTMf«E?iJL, ±!BHl©73ftfc*$ 20 

2 ©73ftt±!BH l ©HPS J: DW^I2 ©KPH 
?«Ma?iJLT©3M:%Sl I I-Vlft^W 
*ftS«©iffi±t^«jg^ffMtSSft:tiS I I I 
- ViM^¥¥{*«£$ft£#§ c fc <fc D ¥*ftit 

T> 

±!BSfEMl I l-VM^«§{*S^±fBMt:ii 

si 1 1 -vMik^¥mmmm±v±m%2<D 
mmmm&Lr^z $ twee fc£#mfc-r3¥w 

ft*?©Sia73So 30 

[fi*ii 72] ®i <o¥Bmtitm&&n?zm&fr e> 

ft^H l ©ftWe±!BH l ©¥«M<fc 9Si©H 

2 © f i^f^o:© <i+z\m^mtz>mio)% z 

1 i-vs^w«f*aiM©±ffi±t^«jg^iS 
tmi&mi i i-vif^tmiM«?tg 
aiaD « i7t L/c^ftS? 
©SI^t^t, 

si 1 1 -vmit^mmm(Dm±x±.tmzff) 40 
n« fc l a© <fc ^ fc l /c c fc £#n fc -r s 3m 

f**?©Sl73So 

mm 73] hi ©»«fi£t-r£fs B B B fr e> 
ft^H 1 ©n«^fc±tBH 1 ©¥^RB8g<fc 9 ss©h 

2 ©¥^P^a^tt^as«t®ftt^ti(©H2 

cfSffiitffi fcMf«fcE^JLT©£S{ttlS I 

1 i-wmit^mmmm±immmmm 
cticxv mm^mmtz * a fc L/c^»ftit? 
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±!BSfct)Sl I I-VM^W»f*l^±!HS« 
SI I I -V«ft^W*a«©±ffi±^±fHH2© 

si« fc agg» Lft © <fc ^ fc l/c c t mm 1 1 %m 
[n*S7 4] m^^^\(Dmm^c(D^\ 

mmmi^mmmmcuML'tv^mitm 1 1 

1 -mitiimmimmmnmmmmt 
xiftili 1 i-vsf^W*l^Jtft?^^d 
£ fc <t d ^« mi-mmz x^ic w*h?© 

IffifftMl I I -VM^ftW*l^±fHS« 
Si 1 1 -vS{k^W»f*as©iffi±^±fHH2© 

fc tft © i^t Ltcc t mm t?z¥m 
mm 75] hi (D^maim&mt^m^ e, 

ft£H 1 ©ffi«*fc±!BH 1 ©¥t»S® <fc DS©H 

2 ©¥»M-g^WtStt©H 2 ©PitfH l ©73 

iiiii,:© 1 o^mmmwi'mmL, imiomtw'i 

$t?.H2©73^±fBHi©mj;D/J^©H2©ri 

73STS0T, 

±HH^*ft«^±fH^*ftS«©±ffi±T±fHH 2 ©^ 

« i: asss^ b ft © <k ^ t c -r s 

[fi*S7 6] Hi o s P^Ri8f8fi*t'rsiieS^S 

- I J 1 In©' I]' , 1 \ - > « J^1©/j 

l^It® 1 ©WfitSHaiWtE^JU ±EHi ©73^Ifc« 
5tSH 2 ©73 ^Ifc±fHH l ©PIPS J: ( ; ©£©H 2 ©Pal 
PBTMPJja^tE?iJLT©^W*S«©±ffi±t^* 

73S;T , $l•3T^ 

±!B W*l^±fH^»f*S«©±ffi±T-±fHH 2 ©1i 
« fc Lft©J:9tL/cufc^#ISfct^ ^»f* 

^*?©Sjg73ffio 

[fl*il7 7] igH^Sft^Hi©1i«^td©Hi 
©1S«<fc «5lgHtt^M©tS(©H2 ©fjig^H l ©73^1 

i <»mx-m\mtm\u ±hhh i ©73^fc*s 
•r^H 2 ©73 mc±mw 1 ©PbIps ^ d ©?©h 2 ©pbIps 
T«j»tga?ijLT©^w*a«©±ffi±t^*? 

iI«lt^^IftIM«2f^ C fc t «fc 0 

^^^^iBi-rs <fc 5 1 L/c w*^)t^©S}i73 

±HH W*l^±!H^»f*a«©±ffi±T-±fHH 2 ©H 

a fc agg» l ft © <fc ^ ic l /-c c fc mm 1 1 % m\% 
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imm 7 8] hi mmmmmm^m^^ 
ft^H i <Dmm\c±m i ^mmmm^Mv^ 
2 wmaimsmtmmmm^t^mmmz 

% C 1 1 £ D W*^lt?£Sei-f £ «t IftW 

{*?«?©Sl73l£?£oT, 

±!B W*l^±tB W*S«©±ffi±-e±!Bil 2 ©is 

%^?©SBgm io 
[»! 79] jg i © w«®£t-f £is H B H fre> 

ft^H l <omWz±m% 1 ©W«®£ OSiH 

2 ©¥^^g^tt^*s«tMfttsta©^2 

©±ffi± tMI?IS*Mt « ¥S 

a <: 1 1 j; d mmm^mmtz & ? ic btc^m 

m^mimfttmmimmm-tvmm 2 ©m 

mm^mmm, 20 

8 0 ] m&fr s 1 ©nwt c ©h 1 
©ig« <fc d is^tt^i^itiitttc^ftt s ta©H 2 © 

£ 1 1 £ D Wf^H?£gjgt S <fc 5 fc L 
±tB¥*{*S^±!B4^{*»«©£ffi±-?±fB|g 2 ©fl 

umm si] it 1 mmamwtMt^^h 30 

1 ©is«^t±tHf! 1 (D^mnm&k <q m^m 
2 mmmmm^tmm^ 2 ©fi^n 1 ©73 
m^w 1 ©wRiT*^ij«tE^ju, ±tBi§ 1 (Dmm 
%tz%2<Dmfc±m% 1 ©nn* o/j>?^2 <om 

^mmtz <fc ^ t L/t mim^mmmTti ^ 

T> 

±!B W*l^±tB W*S«Mffi±T'±tBH 2 ©fl 
«t*gg«LS^J;9tL/cilt^#i!(i^^»ft 40 

[»1 8 2] Hi W^fi£t-f ££Sllfr e> 
ft^H 1 ©HWe±tBi§ 1 ©TO«fi<fe 5 B<^ 

2 ©TO«fi£t-r£tf[©ii 2 ©top n 1 ©73 
1 ©r B iPSTMMiJwtE^ijL, ±hhs 1 (vmtm 
^ mi vm^mm 1 mm <t 9 *s^ai 2 ©m 

PS»iJWtEMLTV^W*a«©±ffi±t^S 

?*si§i-s <fc a t l/c mm^mmmm-D 
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±!B W*l^±tB W*S«©±ffi±-?±tBH 2 ©n 

tft^j; 0 k Ltc c t mm t -r« 

[ff*«8 3] ig B B B ^5»ft^Hl©1i«^tu©||l 

©is«<fc Dig B B H tt^s^na©H2 ©m«^h 1 
\cm 1 ©r B iPit?wwtE?ijL, ±hhh 1 om tm 
?%%2<Dfifinc±.m% 1 ©rsiKJ: d/Jn?^H2 ©rsiK 
Tffiij«tBa^jLTi^w*a«©±ffi±t*?«}g 

Wt^ C 1 1 <fc D 

<t 9 1 L/c w**?©s}i^-i?feoT, 
±ib w*ii^±fH^»ftas©iffi±^±fHii 2 ©n 
« £ * g gas l &\, ^ ^ t l tc l. t z mm 1 t % mw 

[i!*s 8 4] m\ (D^mnim&mtui^ft e. 

1 ©M«^t±tBI§ 1 ©¥±§$k(u^® J: DBv^ 

2 © f m^mm^^mmm^rm^o^ 2 

tick*] ¥mfffi?%W£?% <fc 5 £ L/c¥*f**?© 
±fB^*ftl^±fB^*ftS«©±ffi±T±fB® 2 ©^ 

imm 5 ] hi ©¥WiM£tt3isiifr5 

ft^H 1 <Dm*k±m% 1 ©¥^PS*g J; db^h 

vmifin^K. miimmmmm l t^s #^m*®e 

t ic x 0 w*fg?£ieit3 * 5 1 L/c¥*{*it?© 

±ib w*s^±fB^*f*as©±ffi±-e±iBH 2 ©is 
m t mmmm ito^sicLrcct mm t tzym 

mmsei ig H e B ^s*sHi©Mwtii©iii 
<omz m^mmm$mcmtmm%2<D 
mm^K ^ ic ¥ fr t m 1 ga^ij l t v ^ w*sk© 

t<fc 0 ^SftH? ^SBifS <fc 9 1 L/c W**?©S 
±!B^»f*)i^±fB^»f*a«©±ffi±^±fBII 2 ©1i 

mmmmtto^ midfeet mmtt^m» 
imMm 8 7] hi (D^mam&mtu^^ 5 

ft^H 1 ©ffi«^t±!BH 1 ©TOfEdMJ; D a^H 
2 ©¥£MSfi£^£t$i©H 2 ©1S«^H 1 ©73 

fttH 1 ©rBii«ijwts^jL, ±hbh 1 (Dmm 

5e.t%%2 ©73 ^Jt±fBH 1 ©P«<fc D /Jn? 2 ©Pal 

iTMiiJWtE^jLTv^a«©±ffi±t^«ji^ 



(8) 
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±mm^±mmmm±x±mm 2 ©n« t urnm 
mm ss] hi mmwm&mtu^ft s 

ft^H 1 ©HWe±tBH 1 o^^Kfii D Bt^H 

2 s£&©ai 2 ©is«^h 1 ©73 

m^m 1 ©^STMMijwts^jL, mm 1 ©7^* 

St^H 2 ©73 ^t±fHH 1 MScfe D /J^t^H 2 ©PH 

mxmm^m\bx^mmm±icm : ?mmm 

L/ci^S^/MoT, 10 
±HBl^±tBa«©±ffi±-£±tBH 2 ©fi«£ 
L%^c3;?fcL/cCt£#lttt§li?©gl7m 
[»1 8 9 ] jfgHfr 6 &£H 1 ©flfel^- c ©H 1 
©flilU D£g H B B ft»«©H 2 ©fSfel^H 1 ©7^ 
tHi ©P b »MBiM!cE?iJU ±!BH 1 ©7^*5 
TSH 2 ©7i[nJ};:±tBH l ©PIPS J: D/J^t^H 2 ©PIPS 

c £ £ D Jfcyfcfiii'rs <k ^ K b 

m^mmmx^x, 

mawnmmmi.xmm 2 mm t mmm 20 
mm 90] hi (oymsmm&GtztB&frz 

&3H 1 <Dffl$$K±m% 1 ©¥£)$e{]MJ; DBt^H 

mm 91] hi © w^g^tsisjifr s 30 

ft^H 1 ©HW;:±fBH 1 ©TO^MSJ; DB^H 

2 ©¥^P^g*ttsaig«t^fttst^©®2 

mmmmR(Dm±.vmm 2 cymtmmm 
br^&^icbtcctmmttmi'vm&fi&o 
mm 9 2 ] 5 h 1 ©m c ©h 1 
©n« <fc d m^iwm^mmimtttmmL<Dm 2 © 
m«^s^ t TO icmimmw bx^% a*© ±®± 40 
im^mmmm^m^m^^c tic*. <om^ 
mm% bm^mmmxh 1 x, 
mmifmmm^mtxmm 2 ommt w.wtwm 

mm 93] hi ©TOsfiM^t-r e> 

r^m 1 ©fWMBH 1 ©TOMiMJ; D Bt^H 

2 ©¥3fiti3Sg*t-r*3i2 (DMmmtzmtm 

I I l-V»^IMi©iffiii<:lftMl I 
^ I I I - Vffift &W£»ttl© 5Scfi*ST*S o T , 50 
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£l I l-VM^tfW*aS©±ffi±^±fHH2© 

is« £ lts^ <fc ^ t btc c t mm 1 1 m\t 
mm 94] hi ©^^Rama^fr sug^ e. 

r^m 1 ©HW-±tBH 1 ©¥^RI?gg<fc DB^H 
2 2 ©1i«^tt^»S«^ 

I I I -VM^W»f*a«©±ffi±tSftft^l I 

1 -Vlf^WIftlMS^t^ <fc 5 £ L/cSftft 
SI I I -V«ft^ftW*/I©Jtft7^£oT, 

±HHSf»I I I-VM^ftW*l^±!HSftft 

% 1 1 i-vM^w»f*as©iffi±i?±fHH2© 
m\ 1 1 -vfflt-£®¥mm<Di&m-m a 

1 1 -vMk^w»f*a«©±ffi±tgf^i 1 1 
- vsik^ ¥mm*i$M-$#z> J; ^ t L/cSft^s 
1 1 \-Nm\t-m^mmmmmxh-DX, 
nmtmi 1 i-vMKwifti^ifaiftft 

SI I I -VKfb#W*f*a«©iffi±T±!HH2© 
t L* 1 5 1 L /c c i: %W$. 1 1 Z> mi t 
Wk \ I I-VM^tI^*ftl©fiScft73Sc 

9 6] Hi ©¥±£)$E{i®S£tt3$Sllfr S 

ft^H 1 mm\c±m 1 ©¥^is^® j; db^h 

2 ©¥»^g^ttsH 2 ©M«^tt«^*f*a 

©fiScft73STfeoT> 

±IB^#ft«^±fH^*fta«©±ffi±T±fHH 2 ©^ 
/l©J&R73l£o 

[H*JI9 7 ] Hi ©¥^PfS«g^ttSig^^S 
Km 1 ©Mii^t±fHH 1 ©¥^PS®g<fc DB^H 

2 ©^^Kiffia^t-rsm 2 ©^«*frs mm 

©i3Scfi73^$.oT, 

±fH^»f*i^±fH^Wf*a«©±ffi±T-±fHH 2 ©f| 
« t jtggjtt b%^ <fc 5tLfcct ^#|!t t f 3 

^©jgft^o 

©is«j: oigiiiwM^H2 ©M«^tt^»a«©±ffi 

±tW*il^Jtft?^^ <fc 9 1 L/c W*l©Jtft73 
±HH^«ft^^±fB^«f*a«©±ffi±^±!HH 2 ©1i 

a i: aggw l a ^ <fc 9 ic b tc c t mm 1 1 % m» 

mm 99] Hi (D^maim&mtu^^ 5 
ft^H 1 ©is«^t±tHH 1 mvm\m&& db^h 
2©TO$sfi^g^tt^H2©ii«^tt^a«©± 
S±t/i*^?-&s i^t L/ci©jt«73r£^So 
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mm ioo] hi ©^^Rssfi^frsig^ 

e,&£jgl ©fWMBUl ©¥^PS«g<fcDB^ 

H 2 ©»«®£t-r 2 ©®a&fr mm 

±tBl^±tBS«©±ffi±7"±tEJg 2 
Lft^c3;?fcL/c£fc£#§!^£/I©j£ft7m 10 
mt<m 10 1] £g B B H fre,&£jg 1 C»l<: C©Jg 

i ©a^u Dig H m^si^2 «Mfei*wt2a«©± 

mmftmmmm±.xm% 2 mmtmmm 
b%h^5\cbrcct sifiitsiiDim 

[^©f»M 
[0 0 0 1 ] 

vmm, ^mim^mmm, m^mmm, 20 
ittii 1 i-vmfcsmmmomm, m 
mmmm^mmmimb, m%.&, s 

(Mi 1 i-vlf^WH^ffl^fc*ift^f 

[0 0 0 2] 

[$*©Kif ] G a N, AlGaN, GalnN, Al 
G a I nN&2fiD3fl3»38 I I I - V&ffc^ftrtmtt 
li, AlGalnAsII I I - VM^^iHM 5 A 
1 G a I n I I I - VM^ftWMeit^TAy 30 

(LED) ftif©^j§{*^ 

m^m^tmntbxm^nxm, ^mmtr 

[0 0 0 3] S/c, cnsosfeftsi I I-V|ft^ 40 

"PfeSCfc, fcitf, MfcfcfMI S (Metal-Insulator- 
Seiiconductor)S}itfc'^^ieiil©^tA 1 N^rffl 

xm#m$s <fc ^iegi©ffM*ig H B B ^s t £ 

ttntbxm^rvx^, 
[0004] c(Dmt\ W&6&\ I i-v|{» 50 
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mfovmmtbxiz, JXTcc^wsn^o 

(1) !K^ttffGaAs£3^ftH«fcD 1 &>SK^ B 

(2) mmtm^mixm, $fcm&m<, a 

(3) S^©H^VjN^^ft^W*tfST-S^o 
f&fc^ A 1 G a I nN^W*^ ttttffrVIWII 

(As) , zned s s e^¥mmctm%j]Y^*yi> 

(Cd) fcHMBStaWfrfccfctf^Ifft (7;^7y 

(A s Hs ) ) ftifW^Lft^o 

[0 0 0 5] LfrLHifi^ SfMMi i i-v 

mt^mfom^rcM^ts^xiz, m^m&z 

(1) mmUff)G aN, AlGaN, Gal nNtfK 

So 

(2) G aNt$7-g£7Sffip a p»8»£7cT^tl 

G a As^lft^G a I n P 
?S^t5^p a p»G a A s G a I n A s 

{*tMl£tSiftp n pS I n PlW$2i^ fc, M*. 
H'Sp a p«*G a NSSttBI5BS±"P« D , ^SSM© 

ftt©PnW£D, S^cnSfiW 

(3) Ht» I i-vSfti%W»f*©SIMS© 

mm\^ m\ o o o-cca^ign^ftsgfc^^v 

[0 0 0 6] K±«J:^«Stj:D, I I I 

- v*ft^aw*©»«t bx\mmmmx^7 

mtmi i i-vmit^mm^mu&xn 
%x\ mm<D 2%tcte3 4 ymmmmc^m n 

S5PJ^£S*V ZV-ITQ G a N t 
f?^ (Si 3%) o C©/ci6, ^7 7^7S«±tffiS 
iSfttctDG aN^A 1 N^5»ft^/^7 7 7l^ffM 
U ^©±fcSf[Ml I I -VM^W^ft^Jtft 

^^Ti/^o cnt^nifx #ig B B B ©sfta^i 1 1- 
(Dmmmim-^mmmibxmmi o 8 ~i o 

9 ( c m 2 ) mm>& D , W^fc£^T 



(10) 
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imvmm mm%%> eta mmv& ? tc 0 

[0 0 0 7] y-7 747Smcl%C(Dl3;frlC, ( 1 ) H 

mm, (2) y7747tfmm<DTcibWR±m^ 

MiW^t SfMl I I-V&fc^fttfmttfc 
^7 7^7t©Mi«);gfc < fcD, SST©**© 
ED#*£<, fS?ffM7n-fc7fc3M*t\ SH© 

[0 0 0 8] ^-7 7^7aS©J:5fct&?^S©lia« 10 

ffi73l^jSIM:K (Epitaxial Lateral Overgrowth; E L 
0) £$^3;£&tf£3 0 ELOTHu jUTOS^ISal. 

ns#, m^mma (mm, mm^xmm 

< fc^*§S\ EL0«i^ ^'©Xh 

(Sfctty-x«/FWyw r«D^<t 20 

Stfcff-effSo ffl*t& EL0©ji$U 0~2 0/*m 

So 

[0 0 0 9] ^7 7-f7S«±{c E LOfcfiJfflLTJg? 
£ffMt3i§£t^ ±$©f^ft©II£&^7 7^ 

(1) ELO\o&W£JMWLt>^c£\c£*)$m*) 
Iffift&o 30 

( 2 ) e l o iz&mafttf. m^mj$t>^±t z one 

Slg^ 7 x m 7n -b X © »ft £ffiT ? #S o 

(3) fSi^X©$«&So LED^7*hrVr 
7? (PD) 13 ^t/HlilffS if, ELO^itJ^t 

i\ maims n mnutmiwrnm-DM^iL 

[0 0 10] «±©ffPn», SICGaNllW 

snntfisi&i-a c£ actress cn£-c©^# 40 

cnil, GaNHHVPE (^94 K^ffljftg) tio 

[0 0 1 1 ] #M2 0 0 1 - 1 0 2 3 0 7^&ffi£ttt 
©Pn»BM£H£ C £ £ ifi £ L/c#££HG a NS« 

g© g a n msmfcmk, -mc 3 ^sws 77^7 

h (JKT Wj »IU 7 7-try hfcgU 50 
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[0 0 1 2] 

001-102307 ^m\m^t\tcwm, #t 

ffi©M«©lffi$zKu»>2€£ fc©-?£S/cJ6, f#5> 

n^igsiGaNastaffi^PM©^ (37) t 
Mmmmwm t &m& l t& d , l ^ t, a?«fi 

ft«i i i-vtf^Wlftl^M^trm 
if??, M^«W*P-^Sig-r^Ji^ B7«® 

©ffi«^^M«tffM?nT t£ 7 ©^iw-s 

¥«f*l^©^#ft^ffM4©ffiT£^ 

[001 3] Ltcif-DX, c(Dmmmmh£^tt% 

[0 0 14] iD-ISWta, C©^Wft?$L<fc?fc 

[0015] z^L-mmz.^ cvmmmmL&*> 
©^?fectt;^©cj: 5 a*?*sstSB&rs c t^-e 

[0 0 16] Sfc> £©%Rj»$LJ;9 fcfSHlji 

^>t#tt* i'©#tt^^T^ft tm fe^ < 
^mm^mmm^xwM^mm^ 1 1 1 - 

[0 0 1 7] 

[««-WcJ6©#S] ±!HISS^ 
[0 0 1 8] «(t #^2001-102307 

^fgtr^^ti/crfri©HAs^sfe/cign, <&mm 

ic&mcMM2#'c&i%tz><Dxim<, x^mcG a 
a s mm^(Dmmmm±im^M 3 mwmsm^x 
mm, wmmfflmc&j%u ^(Dmm^mm 



(11) 
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[0019] cct\ m&mttt, M^ii'^IS^ P 

UK (7^71/7 7X) JfciiWGaN^ A 1 G 
a I nNftHOGaNJKftOSfcft&I I l-Vffl& 
»W> S«M I l-VM^¥$fl^fl© 

(37) fcft««itTfen«H© < fc5a#Bi-es-3Tt> 

<fc(,\ 10 
[0 0 2 0] L«j;^«fi^^iftWf42 

3^ afBc#ftt^7«gfi«ftWS<:Rirr 

[0021] c<om&, mtrntzzmtmn 
mm%&mmmctmm?&%^ ±m 20 

tfciu S^l^fiS feign, ±IE«SM^»^tSi: 
[0 0 2 2] -ratJ-e, ±!3Kffi£ft¥$'f Sfcfefc:, c 

<omi<o% 1 o^tt, n 1 mmmmwtMt^ 30 

Hfr Sfc-Sl! 1 commcWi 1 ©¥i^EffifBSJ: DS^ 

n 2 (D^mmmmtmmwiz <ommmwm 
icunhx^mitmi 1 i-vif^wiftii 
(Dm±.mmmmzmtmitmi 1 i-v 

? £Sif s <fc ^ t L/t w*^*?©Sj§*s-e$ 
oT, SftW I I i-vSft»W^lfK 

1 1 1 -vmit^wmmmm±TBz(Dmmt 

&o 40 

[0023] mitm 1 1 1 - vmfc&fo¥mmm 

(111 I l-VS(»lftil©±Iit*l2« 
H«t*88MLft^ <fc 9 £T3;fcfc£Hu Mft^t 

a, mm, mwm \ \ i-vmit^mm^mm 
m#zmz%2<m&*mifflmi 1 i-vs^a 

W*a«©3»S/>& < £ fe-Ii£Ltfe' < J; 9 
t«„ JcDJIftWfc^ KKI I i-VSft^t) 

w*i^jtft^^^»Mtii2 (owmmmm% \ 

I I-VM^W»f*a«©±ffi^S/?rS©^Sl? 
KLTfe<„ lcT\ PiTS©S?(i:. SffcftS I I I 50 
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ami 1 1 -mit^mmfammmKEicfo 
vzmMm£tizt>\ -nmw&i Fmw, rata 

IftMl I I -vM^aW*l^ffl^T«Jtt^ 

an i i-mit^¥mmzmz#zmc% 

PSOftSH:, «SWtax7^y^'tj:Dtfv\ Mi* 

7 ? y 9, J*y^)y 9* e t £ 5 ff 5 „ 
[0 0 2 4] SfMM 1 1 1 -v«ft^»W*l^S 

«ii 1 1 -vmit^mmimmm±mz(D 

1 1 -v«fk^W»ftl^ft^^^Mt®2^« 

co &fii£ fc&ttWCItt-j T*i < «fc v t L T t> «fc I \ . COM 

m^&ztft-e^ mmicii, s io 2 ai, s i, n 

» H, SOG (Spin on Glass)!* Z<Dimm<Dtet>\ 

tiyyzry (w) , tUTry (Mo), £y#;i/ 

(t a) %z<Dmj&&mm* : ttit><D£ikm&z*% 

WlWT*?2o ^2©fS«±t¥tW 

®«£fcfci:, tB!©«i;l{EM I I i-VMb^ 

ti^ftas©±ffij:vis^{3i«tfe«*\ mvM% 
ttt, x 7 ^^7 w^mm^ ztnEKSiQWM 
mommm&i 1 i-vs^w»ft»i 

[0025] s^tpg-rs^©ig2©ffi«©r^ife 

S t/^i;^ 2 <DfS«<9K?iJJii!^ * a H tjtS 

UTSfcfftStf > -ise^ica 2 0 ^ mjw±fe«^a 5 0 
mmm&zwm 2 ©ii«©ga?ijMi5!©±Psa^-r l 

feTOat><Da#feLS:V^ -JKfltyUi 1 0 0 0/im 

ea-esso c©H2©ii«a, use^tagfui 
1 1 -v«ft&w»f*ai^iaLTv^o s/c, c 
«® 2 «is«a*s eg t mtmrn m 

So Hi©1S«i:ll2«1i«i;©rBlta, HicTOIe 

^ifti^san 1 i-v«ft^w»f*a« 
©±ffi±^2 ©M^titggttLa^j:^ t-ra^u 

•pfeiW Hfe$»^ HtMi 1 i-vlft^ 
MItflftili 1 i-vlWift» 
±ffi±T c n 5 ©H 2 ©M«*3 <fc tfH 3 ©MS t «88 

a\ lft» 1 1 -vM^W^ftl^Jtft^^s 
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liijic^- 2 o/mm^xm a ommmtm 1 1 i-v 
M^ftw*a«©3»5>4>%< t t-gresLT 

[0026] H2©ti«©«m^ mman o/xm 

JK± 1 0 0 n m«T> <fc D 2 0 n mtt± 5 0 

©*ga«SWta|l2 ©liiicagcfc 520/1 m«± 
2 0 0 /i m«T <fc D^v? < > <fc 4 0 /x mJK 

±16 0/i m«T*? < > g&HMUi 6 0 /i mfiU: 
1 4 0 /t mJBCRfctVo 10 

[0027] ^zmmmmmmmt-m.m^m 

i©^©efiiffig©5m±TS« 0 UM£fct n 

1 ©fj«©TOf«®a 2 X 1 0 6 cm")-^ 12 
©fl«©¥i»^g« 1 X 1 0 8 c m 2 fiU^SSo 

WtttlXlO 1 cm _2 c3:D^^<, 2x10* cm" 2 

[0 0 2 8] ¥^S*ttifS?©l^8tiu ¥$£ffis& 

2 ©Igigfr 5 1 n m«±> 1 0 /x m«±> <fc D 20 
tmizlt 1 0 0 /im^Kto i!3©Pi^#ffit§^ 

KTNfcW Mf©W^-^©*§^ Xh^Ttt 
t^flta 1 0 0 /tm«±ato f!3©TOMt§ 

ffim2ti&ffl&&f§2oymito£xf%3o>im%$& 30 
&^j;5m 0 xh^-cfimm, t%t>%u—*?x 
Y5J7<Dmt-'o&tdtmtMvx& < , *<Dmt>& 

[0 0 2 9] Sftft^ I I I -VSf^lMSK 

^WiMMi 1 i-vH^i»(t gfc- 

UWtttAli B, Cai-, T , In. As. Nh, 
Pv (fetch, O^x^K O^y^K O^z^K 
O^u^K O^v^K 0^x + y+z<K O^u 
+ v<l) fr5>SD, ^DMft^UiA lx B, Ga 

In. N (ft/c'L, O^x^KO^y^K 40 
O^z^K 0^x + y + z<l) frSftD, HS!fl9fc 
ttAli Gai-n In. N (fc/c'U O^x^K 0 

=s z ss i ) *^aSo m\M \ i i-vumi^i 

H 1 t HJg LT$^/c«±© Lttt, ^©ftHt 

[0 0 3 0] c©»S2©«, J§1©¥WS 
<fc D B^H 2 ©TOMfi^tt 3 lit©!! 2 50 
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©M««iMtE^iJLTV^S«^I I I-V&fc 
Wkl I i-VM^tl^ffil^ft^^tfcJ; 

fti^ian i i-v«ft^ftw*a«©±ffi± 
■en 2 ©st« £ itggfts Lft^<fc oichfcc t. mm t 

[0031] <: rw«fij ta, !§?©# 

I \ f lull . ( » 1 v.l 1 1,1 J' 'Jfn1^>1 J'J.T. 

[0032] e©^©fg3©%B^ fgnfrs&^fl 
l ©ff«^:;:©|§ l ©H«£ D$Sllft»«©M 

2omm%mmz-w^x\^mm% \ i i-vg 
fk&a^3ff*a«®±ffi±t^)t^«5i^ffM-r§g 

J; 0 T^W£)t£- j '>£-Sffi <J'?o J; L £ T-*Wft)U; 

?©gl^-e$oT, i i-v|ft» 

#f*«^Mbti^i I i-vift^Sft!ftciI 

±-c?®2 c^titggML*^ <fc 5 1 tmm 
[0033] Liif, ftswta, nesfrsas^io 

a, ^2 ©^©^(Ett^ass^a^^Pisafg^ 

[0 0 3 4] C «^0i5£?)® 4 C^Ji, H 1 ©¥±§fEfu 

m&mt^&ft^ft^ i ©flg«tf>fcS! i ©¥±§fs 

(Dm^mmm\riunLxv^mm^\ \ i-wmit 

1 1 1 -mit^?mtm*f&m#z£i:ic£t)¥ 
mm? mmz> z *> icbfcmm^mmmx 
hix, mm& \ i i-vtt^wiftitfitt 
1 1 - vMit£wmmmm±.x%2<DMM 

[0035] z.omm<JM^oMm\i, ni©¥±§^i 
sa*t-r«iig^e.s:s® i ©nweii 1 ©to^ 
Rssa<fc dbv^2 m^mm&mtmm%2 
ommmm^m\tx\. ^mm i i i v^ft 
^^fta«©±ffi±t^«jg^^t^»sf^ 

I I I -V«ft^W*l^Jtft?^^ettj:D^ 

jffl^? ^SBt-rs <fc 5 icbfcmm^mmmx 

fcT, gfttf^I I I-V||t§Wlftl^tt 

m i i-vM^»w*a«©±ffi±T-H2©ii« 



23 



[0036] <iome>%6o5fflm. ig H B H ^e»ft^® 
zmmmmimmnLTh^mitmi i i-wm 

ft^I I I-VMmiSO±I±fS2®f 
« t itggftf! L a ^ <k ^ fc L fc c £ mm 1 f % t © 10 

[0 0 3 7] £<DWR<D%4~%6(D$$ik%^T, ¥ 

y^x^s^ctWhvyyx^ (FET) Jp'vf 
ng^/U^-^h^y^X^ (HBT) ©£?&*? 

[0 0 3 8] CfiD^O®4~®6fiD5SWfc:43^T, ¥ 
*{*ii?0rSMim ¥3£ffiffig*fi«^I! 2 ©H« 
fc£3SJ«PMtS/ci6^ S20»5»C 20 
a 1 /i m«±, J; Difjittt 1 0 n m«±> « 6 
1 0 0 /* mJeUtftto S3®ffi«##frrS«£, 
¥«{*ll?0?SMf!ii^|g 2 ©fl«&£ 

[0039] c 03880® 7 0^am jg i mmm 

ffifcg £ DS^J§2 0¥±§fsfi^g^tSia0®2 30 

0is«^MBiMtsa?ijuTi^^fta«0±si±t% 
2 <m$.£uwm\sft^&*> ichtcc tmmttz 

fc0"££3o 

[0 0 4 0] Lfl)»S8 0«, Hl©W*dS 
^g£t^£g B B B fr5>S£jgl ©fSWein ©»: 
Pffi^g <fc 9 ffi^H 2 ©TO«g£ff £t»©fl 2 
0li«^MMiBtE^JLTl^W*a«0±ffi±t^ 40 

2 mm t mm ? three t mm 

[0041] c©»S9©«, iss^eas® 
1 0ii«^tii0iii ©mgu Dig H m^M^tit0S 

2 ©ft«ftTOMfcK?iJLTI^ W*S«0±ffi±t 
D m^If ^Slt ^ J; 9 £ Lfc WftlS? 50 
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0Sjg73ffil?S o T, ^»ftl^^«f*a«0iffi±t? 

wz^mmmmmmhrsi^^ichrcctmmtt 

[0 0 4 2] OCD&EHu Hi 

fumg^fr^lgH^Sft^S 1 ©HWel! 1 ©TO 
fefiffBgcfc D B^H 2 ©TO$«g£tf S 1S0H 

2 (DMMmmmmmhzv^ w*a«©±ffi±t 

$.T, W*ii^W*SS0±ffi±-I?S2 0lS«t 

L/Si^cfc o ic hrcc t. mm t ?z & ©-es 

[0043] z.(Dwmw,\ i (dwm. h 1 ©to^ 
wm&mtu^^r^m \ mmtm \ ©to 

2a)mmmm\mmnhri^mimu(Dm±ic 

Sot, W*l^^*f*S«0iffi±^2 0tl«i: 

t*^ <fc 9 1 1 /t c t mm ttz&vm 

[0044] c0^0iii 20mm, uss^sas 
g 1 <omWfcc<D% 1 ©MS <k DIS h b b1WSv«0 
®20M^MPJJWtE?iJLTV^¥*f*S«0iffi± 

ymmfrwsmz hremm^mmm 
tmmh%h^*>ichrcctmmt?>t><D'?& 

[0 0 4 5] C OmmW, 10-^12 0%B|t*3^ 

1 i-vlCWift«s*\ *;l/yat3i (wurtzit) 

¥mfo, M^tfZnO, a-ZnS, a-CdS, o- 
CdSeftH?$^TtJ;<, $ 6 1 affi0ig B B B 8}i^ 

[0 0 4 6] lO^IcII 3 0^«, H 1 0TO$e 

ema^-rsiig^eas® 1 0H«^tn 1 ©to 

IsfumgJ: D a^H 2 0TO$«g£tt£ t$t0H 

2 0is«MTOtga^LTv^a«0±ffi±t^s 

^\chm^<Dwmm^T, Mmmm± 
•vfs 2 0is« t mmh%^£ o ic hk c t mm t 

[0 0 4 7] C0%Bi5©Hl 4 0^«, Hl0¥±§^ 
PSSg^t-rsig B B B ^5»ft^l! l ©HWeil l ©TO 
^PSSgJ: D a^H 2 0¥^RSSg^fr« tK0H 

2(Dmmmmmcmnhx^mu(Dm±icmm 
^vichrcm^mmmm-D'c, mmmm± 
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t?® 2 mm t mmm L^^^izbrcctmrnt 

[oo4 8] £<D$m<Df§\ 5(Dmm, iss^sas 
n i ©Mig^t c©n i mm^ Dfg H B H ft»«© 
%2mmmmmicmniT^mmm±icm : ?- 

2 mm t mmh&i,^ sthrcct mm 

[0049] z. ammvw, 1 3 ~n 1 5 ©^Hmctot^ io 

x, mim^ (mm^ m^M 
nm^E) ©fs*\ smm?, mmm^ mm^ 

fcHT&So <:©£3\ 8fefe2i^i©*#m, ^ 

ftlff-e^tB©^ 5 &#a©^s*ft£ffl^ 

£, J±«*?, JE^iS?, SHiftis?, fifc 

mm?* e xnmimitm z vmrnrnm ^ s 

LM^t4 IlfE^Wcot^Tfc fflfcfcfjounial 
of the Society of Japan Vol . 103 , No. 11 (1995)pp. 1099 20 
-1111 ^Materials Science and Engineering B41 (199 
6)166-173fcP^£tl/c&©&£\ £<0&©tf&3o 
[0 0 5 0] C ©%fi©i! 1 6 <Df$a& fS 1 ©TOK 

m&mtu^^s^ i ©pg*^ i ©to 

2 mmm i ©tffafc® i ©raPSTMijwtE^L, 
it i ©7i iri i ast^H 2 ©7»f! i mm i d 
v^2©r4PraiiMtia^jLTt/^g«^i 1 1- 

SSft^i I i-vlSft-p^^ftl^S^^Sc: 30 

m^mmmm-ix, mitmi i i-vif^ 

i i-vl^»IW« 

±®±T?2! 2 ©H« t *ggft!f! LfclAfcSfcbfcCi:* 
[0 0 5 1 ] Z.<D$&R<D%1 7©%Bj?a, ®1©TO^ 

P^a^fr^ign^sa^® i ©fSWdH i ©to 

^«fi£ 9 a^H2 ©TO^Mfi£tWIfc©Jg 

2 ©n«^i§ i ©73^jtn i ©r B iPST«^tE^ju, 
n i (Dmtmt%% 2 <Dfim% i ©Hsu; 40 
^H2©r B ««Ma^jLTi^sf^i 1 1- 

VME^ftW*S«©±ffi±t^|g?#§l£jM^ 
1 i-vM^«WI£$JI£€£c 
£ ic <fc D Wft^lff^lSg-f £ <fc 9 Lfc#£fl& 

)t^©S}i73riT^oT, SffcfMi 1 i-vw&& 
mtmftsmm&i 1 i-vM^«ffta«© 

±ffi±T-H 2 ©H« t L&l^ <fc 9 £ Lfc c t Z 

[0052] c(»m<D%\ somnt. is^saa 

Jg 1 ©fj We C ©Jg 1 ©M«j; D fg B B B ft»«© 50 
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®2 ©igis^n 1 ©73^tn 1 mm-vmimzmi 
u ®i©73^tast^H2©73^tiii©r B mD 

/J^l^2©P B »«WtE^JLTV^S«^ I I 
I -V«ft^W*S«©±ffi±t^)t^8}i^^ 

j^^sami 1 i-vifwiftiMs?t 

S d £ £ j; D W*%)tefff£S}i^ <fc 0 lc Ltcm 

mm^mmm-e^-D'c, mm& \ \ i-wm 

(tMIMH 1 I-VIWIM 

[0 0 5 3] d©^©f!l 9©%Bj^ Hi ©TO$E 
^a^tt?»IS H B B ^?.&^H 1 ©fiWeH 1 ©¥±§ 
teffifgSJ; 2 ©¥±§$«fi^fr § «s« t 

iift-r s^sc©^ 2 ©ii«^s^t¥tf tMiij^tga^ij 

LTt^gfkft^I I I -vM^W»f*S«©iffi 

m r-mwizm wzcticx*) mm km «m 
m$s& \ 1 \-\m\t^mmmt>mm^ \ 1 1 

- vM^^«ftS«©±ffi±TH 2 ©M« i: ttgg 
S*t«:^j;9tL/cCt^#ilitSfc©^gSo 

[0054] c©^©H2 o©^a, Hl©¥±§^ 

P^g^WtS|ga B B^6&SH 1 1 ©TO 

Lx^mtm% \ 1 1 -vMk^%¥«f*a«©iffi 
±t5S3^?«i*^'rssft!»* 1 1 i-wmit^ 
m^mm*®m#% ohm mmm^itm 

msmi 1 i-vM^%w*s^sf^i 1 1 

- v Mit^mmmmt-efs 2 mm t mm 

[0055] commm 1 mmn, i^sa^ 
m 1 mm^ic z.m\ ommx. d igmwM^aiM 
fc^ft-r 2 ©M«^s^t¥tf tuiijwtga 
?iJbT^?,gf»i 1 i-vlft^WiftII©i 
ffi±t^*?«}i^ffMt^gf^ 1 1 i-vssfc 

sfw 1 1 1 -vmit^mm^M^mitm 1 

1 i-vmit^wmimmm±v^2mmm 

[0056] z.QmwM2 20mm., Hi onmi 
{immm^m^-h^r^ 1 <Dmmm^ 1 ©to 

MuSfiJ: D a^H 2 ©¥±§$«fi^tt^ ta©H 

2 ©1S«^H 1 ©73 mz%$ 1 ©rBlMliiBtE^JL, 

m 1 ©73 i«i t ast^H 2 ©73 ^jtH 1 ©rsips & d /Jn? 
oH2(/j^i^we9(cEyyLTi^gfb^i 1 1- 



(15) 
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7KM^T, §«M 1 i-vSft^»f«W 
M«i 1 i-vH^Wlft»iI±tl2 

<t» t aggft* l^ <fc 9 1 l/c d t mm tt&*> 

[00 5 7]l OMWM 2 3 ©%m h 1 ©to^ 

^a^tt^ign^&a^® 1 ©flwtsg 1 ©to 

^«fi£ D^Jg2 ©TO^Sfi£t^l!It©H 

2 ©fs«^i§ 1 ©73^tn 1 <mwzm\mcm\\s. 

Jg l ©7^*5^1! 2 (DmicM l ©KBJ: 10 

^%2mm?mmic.miLT^%mit<mi 1 1- 
vM^»w*s«i©±ffi±fcig?#fi£jM-f£S 

ffctl^l I l-VM^t)W*lMI2-^di;fc 
<fc D W*fg?£i£It S £ 9 EC Lfc¥3H*i&?0gii 

©fi« t mmMLKh^ 5 ic l/c d t mm ttzt> 



[0058] zomi<D%2 Avrnm, ngsfrsas 
it 1 ©M«^cc©fi 1 <om&*)%mt>m^m<D 20 
it 2 ©m«^j§ 1 <Dmic% 1 ©wHrcsifiijWfcEjij 

L> %l<Dfifa£W&t&fli2<Ofifak%\<Dm&*) 

;^%2mmm\mc$mix^m{tm. \ \ 
1 -wmit^mmmmmmm^mt 
zmitmi 1 i-vsftamisii?t^ 

mtmmm 1 1 -vMit^¥mmmm±v 
%2mmt mmm l ± 5 1 l/c d t mm 1 1 

st>©"pa&So 30 

[0 0 5 9] C<Dmi<0%52 5ff) r Mm, H 1 ©TOPfta 

{i«&tt£$S H H H fr5&sjg 1 ©nwtfg 1 ©TO 
isfiissj; db^2 ©¥±§$«fi*t^r?»ai^t 
lft-r^ii(©®2©ii«^s^t¥tftwjwtE?ij 

±fcfg?#§;i£ffM^S{E« I I i-V/Mt^W 

#3 d t ic & d mm^mmzz 

1 -vlft^iM*I^Sttl 1 1 1 -vMikGQs 

mmmm±v^2 mmmmmL^^ 40 
icifcctmrAttz>i>(Dv&%o 
[0060] co)mmw2 Q<Dmm, %\^^ , k 
mm&mtu^-h^^m 1 ©nwdg 1 ©to 

VI¥r.4?JSf<fc D^i§2 ©TOWaSfi^WtSiMc 

zimow 2 ©fjjg^s^ t¥tf tMMijegts^ij 
ur^ssftftsi 1 1 -vMit^mmmmm 
±mmmm&tz>mitm,\ 1 i-vsft^w 

9tLfc«?«lMSf*ot, I 
1 -vlM¥lftltfitil 1 1 1 -vMlt&Vs 50 
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\cLrcctmmtt%$><Dm%o 

[0 0 6 1] t<Dfm<0%2 KOmilt. Hg^Jb^ftS 

n 1 ©tiWc d ©n 1 ©ft« £ d §§iift»«tt 
tEft-r ^ta©n 2 vmim^icmcmmm 
nbr^mitmi 1 i-vift^wiftii©± 

ffi±t*?«jg^ffMf^S«^ 1 1 i-vio 
£ d <fc 5 WftHi^Slf £ 

wti -mm^mmx^ o t, 1 

1 1 -vM^WiWI^fM 1 1 1 -vsk 
W«ft»«©iffi±T® 2 ©M«t*88MLft^ <fc 
■9fcl / tcZ.t% s &mt~$'Z>$><DT°'&Z>o 

[0 0 6 2] C©^©®2 8©^«, Hi ©TO$E 
fuS;S*tt?»IS H B H ^P>^?»H 1 ©M«^tH 1 ©TO 
fetfigggck D iftt ^ 2 ©¥±§$«fi^fr ^Si(©H 

2 offl&m 1 ©^iRlt^ 1 ©r B ^Si?MMiMtE^JL, 

%i<Dmtmxtz%2<Dmfc%i<Drm& v )'b'$ 

*?osBi7^"p« 5 T, ¥»f*i^^*f*a«©iffi 
±t?® 2 ©M« l J: 5 1 Lfc e: t mm 

[0063] cff)mnff)%2 9vmm, iii©to^ 
m&mtz^BfrZK^ 1 <ommz% 1 ©to 

^\<D^tm.t^2<Dm\^\mm^'\^ 
1 w zoAmrmw-imniTi ^ vrnmrn m 

i?©s^rs-e<g -ox, mwMmmimmm 
±t?n 2 ©m« t mmmmi ^ z *> t l/c c t 

[0 0 6 4] C©^©H3 0©%BMa, Ijg^^aS 

m 1 ©fiW t c ©H 1 ©li« J: d IgUtt^M^tS© 

^2 mmm 1 ©73 1 ©rasi-e^ijwti^j 
u Hi ©73^tax-r^ii2©73^tiii ©rBiKiD 
/j^i/^ 2 ©KRi-e^TOEjfijLT^s w*a«© 

^iPff©gjg7jffii?£oT, w*i*^»f*a«© 

±ffi±^H 2 ©1S« t Lft^ <fc SkLTcCt* 

wmttz&vmzo 

[0 0 6 5] d©%Bi5©H3 1 <JMm&, Hi ©TO$E 

m&mt%mfrz%z% 1 mmm 1 ©to 

MuSficfc D a^H 2 ©TOMuSfi£t*f 
Eftf^ 1SC©H 2 ©1i«^S^t¥tf tMMiJWtE^iJ 
LT^?»W*a«©±ffi±t^^8}i^ffMt^ 
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»{*l^W*a«©±ffi±-?i§ 2 ©fS«fciigg«!L 
[0 0 6 6] u©^©H3 2©^a, jgl©TOft 

^a^tt^ign^sft^n i ©mgmdg i ©to 
^^ficfc D ^Jg2 ©TO^^fi£t^««<: 
mttmmw, 2 ©fs«^s^ tsaywts^j 

tzk^^Lfcmmmk^mmm'zh-oT. ¥ 10 
»{*i^*i{*a«©±ffi±-£jg 2 a)®a^«88ttL 

&l^<fc 9 t L/cC fc£#f[fct« feCTfe^o 
[0 0 6 7] cC»f3 3©$Mkt lg H s H ^P)*?. 
Jg 1 ©fWtc ©Jg 1 ©fSfelJ; 0$£ H s B tt»^ll!« 

tMfet^ts©®2 0)M«^s^t¥tftfflpjJwte 

S WWl^ft^S c it J: D ¥*ftOTt?£S 
iff* <fc 5 L7c¥»f*li^?©fijg^£TS o T> 

¥*{*«^»f*a«©3Effi±?ii 2 ©utifc 
ir^kvicLrcctmmttz&tDv&Zo 20 

[0 0 6 8] C ©^©H 3 4 £ 1 ©TOK 

ffiffig^t-rsiB^&as® i ©is«*tii i ©to 

2 i <omt% i ©f b ii-?m«ck?jl, 
it i ©73 iri fc ast^H 2 ©#fifc® i ©?« d *s 
^j§2 ©riPiwjwtE^JbT^s^f*a«©±ffi 

mm -d t\ # ¥£flSR®±®±-c® 2 ©m 

^iitggMLa^cfc^tLfcCt^mfr^feCT 30 

[0 0 6 9] £©%HH©®3 5©%^ W> 1 ©TO^ 
^g^tt^ll^^Jg 1 ©ffWe® 1 ©TO 

2 ©n«^jg i ©73 i^t^ i mrnvmrnmcmni, 
n i ©^ta^-r^® 2 ©73ftt?g i s *s 
2 © p B »itf« t e^j t t ^ ^«fta«©±® 

D i5£ L/c W*fff©Sjg73 

STSoT, W*l^W*a«©±ffi±T'®2©fi 40 

« fc a g l a ^ <fc ^ t l fc c t * mm fc 1 £ t © -e 
[0070] c©^©H3 6©^a, igs^sas 

H 1 ©HWe C©H 1 ©fi« j; Dlg B B B tt»«© 
H2 ©fjig^H l ©73^JtH l ©P^S-eMJWtK^J 

u ni©73^tast^H2©73^t®i©rBiPScfc ( 3 
/Jn?^ii2 ©rBifi»iMtE^jLTv^ wftas© 

tic D W*!ff£S}it S ^£ LfcWM?«l 
ji73r£-?£oT, W*l^W*a«©±ffi±l?®2 50 
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©Si« fc L&i^ <fc ? fc L/c c fc £#SSt i: f* t 

©T-S^o 

[0 0 7 1 ] l(?)»S37(D», Hi ©TO$K 

\m&mtu^ft^^ i ©fWfcH i ©to 
mm&z <o s^n 2 ©TO$z^fi£t^*i» 

t L/c W*«?©S}g73r£T^ o T, ifmwi 

fta«©±ffi±i?S2 ©ii«t*88MLft^ <fc 5ta 

[0 0 7 2] C©^©H3 8(Dmm, ®1 ©¥±§^ 

nm&mtu^^r^ i (7)M«^tn i ©to 
m&tzmo% 2 ©ii«^s^t¥tf immmzmm 

\c i tcmm^mmmm ? mimmm 
muo> m \:xw/^mw±\mmua ^ l 

[0073] c©^©^3 9©^a, ngs^sas 
ii©isfrc©i i mmvmmm^mw 
x.m&.tzmw% 2 ©M^^s^t mummmzu 
nhxh^mimmm±mmmmtz>¥ 

o \c itcmm?mmmx% ~> x, ¥mntw 
mimmm±x^2 vmtmmL%^ ^ ? k 
vkctmmtt^mx&Zo 

[0 0 7 4] C©^©H4 0©^a, Hl©TO?K 

ficBfist-rsnes^eas® 1 ©M«^t^ 1 ©to 
2 offl&m i ©73 i ©fBiPi^niiBtga^jL, 

H l omtMxtZWs2 ©73 ^tH l ©KRI<fc D/Jn£ 

^® 2 ©r B iPi-eMPjje^cga?ijLTv^a€©±ffi±t* 

t % <fc ^ t l /c*^©»ja73r^ -es o t, i^a«©± 
ffi±T* H 2 ©1i« t L6^J;7tl/cL«i 
fflittZ&VX&Zo 
[0 0 7 5] C©%Hi!©||4 1 C^Ji, Hi ©TO^ 
RSSg*t1-Slg^6S:«® 1 ©H«^tH 1 ©TO 
^CfilSa «fc D a^H 2 ©¥^RSSg^fr « 1S©H 
2 ©M«^H l ©73 l ©rBlMliiBtE^JL, 
m l ©73 ^1 *5st£H 2 ©73 ^cH l ©KRI<fc D /M 
1/^2 ©fBlBt;««tE^LTV^a«©±ffi±t* 
^jg^^-rSS^S^'SS C fc t <fc D *?^S}i 
^<3;9tL/c^©Sjg73Sl:*^T, l^a«©± 

ffi±t?n 2 ©n«fc uwm ua^ <t 5 1 l/c <: fc§# 
tfc-r«fe©i?^So 

[0076] £©^HJi©j§4 2mm\t, ig B B B ^5»a^ 

® l ©1S«^tc©H l ®^<fc DigHWS^tK© 
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H2 mmm i <vmm i ©PBWMfwiega^j 
u ni©73^tast^H2©73^t®i©r»D 

mm%£5icifcM^mmmm-DT, mtm& 
<om±-v% 2 mm t mmm * a t l/c c t 

[0 0 7 7] £©^©i!4 3©l«, in©TOfe 

ffi®a*fr«iig^sa^ i <nmm\m \ ©to 
iMfij; d^I2© T«u®fi££-f aantffc io 
iftt^ mim 2 ©h«/m^ t w \zmmvcm\\ 
l t ^ a s«© ±m± t fg^itjt ^ffM-r as £ 

[0 0 7 8] il<?)|gSpl4 4fl)», gn©TOX 

LT^38fS©±ffi±^jg?#§jg£JMt§S£$m£ 20 
&T?£oT, «^S«©i®±?1g2©M«£*ggtt 

[0079] c<Dmn<D%4 5<Dmm, i£ a B B ^e*s 
it i <ommzc<D% i ©usu Dig^ft*M^«n« 

nbr^mmmncmmmmtitzmmm 

[0 0 8 0] t©$BE©|!l 6~fH 5 ©ISRJI'fcfe^ 
T, Hl©73^©^2©M«©P4PS (Si ©HPS) 

wi«f«Sft-f ^jg 2 ©n«©p«, c©^© 

H 1 ©%Bj5tHaLT}i^/t® 2 ©fgii©F B mg^Hi 

^2©ii«©gawst^iiiTS^o s/c, ®i©^ 
©H2©ii«©r B iPs cm ©p B ii) m^mmmm 
2 offimommi, mmmcn 5 o ? m jK±t? 
c©%bm©^i ©^tuatT^ 

^/cH2 ©M«©Pb»£ W;£Jg 2 ©^©BB^iJPeK 
|WH$T£3 0 C©^©Hl 6~Jgl 8, J§2 2~J|2 40 
4, H28~H30, H34~®36, ®40~®42 

©^tfc-^T, H2©73^©H2©ii^©rB ! !PStt, a 
«can i mm*. *)'i^mm-cmK.msc t& 

T?£ ^ !§2©fi«©^2fcfc<J;^ -IS 

ftUi 1 0 n mJK± 1 0 0 0 /x m«~R 2 0 

p m«± 2 0 0 /i mJ£TPT?&So * 5 SWcSft 

M«J fct^o ) fcfciu HMfcfci, H2©7aft©J§2 

©ii«©^js^^aaiMt®ft-r^® 2 ©is«a^H 

&£7#tt_fcS-£ftfcV\, cl^ H 2 ©73^1©® 2© 50 
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1S«©?iJ££W4«i»®£^i§2 ©M«©i(©± 
l£7*tL/c©^ !§2©7^©i§2©fi«©^!&£ 
^a«IS«t^ft-r^H2©1iig(©rB^Stj:oTa, * 

^©^ 7 thm ©n^^ii«t 7 *gg^s n 

SCfctSD^SCfc^JlUfetfiDTfS*, £©H2 

©7^©n 2 ©m«©?ijs^ 2 

[0 0 8 1 ] CCD^Cll 6~H4 5©^tfc'^T 
tt, ±fBtt^©£^ ^©ftHfcSL&^ID, £© 
fflW% 1 ~H 1 5 ©^tS3LTji^/cu t^Jtii 

[0 0 8 2] £©^©f!4 6©%Bj^ Hi ©TO$E 
fuS;S^tt?»IS H B H ^?>S^H 1 ©M«^tH 1 ©TO 
fEfi^gi D Sit^fS2 ©TO$«fi£tf £H 2 ©H 

EfcWtaiWiU I i-vlft^WIft»± 
ffl±fcifb^ i i i-vift^iftiMSSt 
sjj^tbfesftftsi 1 1 -mitsmmmm 
mmnfor, mitmi i i-vm^wi{*« 
^SfkftSi i i -vSfb^t)¥*f*S«©iffi±^ 

2 ©m« t asg« t <fc $ k b tc c t mm 1 1 % 

[0 0 8 3] C©^©H4 7©^a, H 1 ©TO^ 

mmMtu^nt>^K%% i v>m&\zM 1 ©to 

^Pfa^g <k D Kt/^ 2 ©¥^PSffig*fT 2 ©tl 

i i-v«f^WfftI«oi 
ffi±t^fttf^i i i-vlft^iftlMKt 
5«fc5fcl/fe3fc!»Sl I I -V®f^»*f*«©^ 

^gfttl^I I I-V®f^W*aiI©iffi±t:^ 
2©^t*gg«L^J;dtLfcet%#mi:-r^ 

[o 0 8 4] c©^©g4 %(Dmm, isn^ss:^ 
^ i ©liig^ti:©!! i mm^mm.^^2<D 
mmmtmttmi i i-vsf^w»f*a«© 
mncmw&i i i-vM^%w*i^jtft? 

j; 5 1 L/cgft%^ 1 1 1 -vmfc$ys¥mftsv> 
mmm^x, mtmi i i-vs^wift 

i i-vM»lftIi©±Iif 
m 2 ©fi« t U ft^ J; o \z b tc £ t mm t T 

[0 0 8 5] £©%HJl©f!4 9 0)mm, Hi ©TO$E 

mm&%tzmM>frz&z% 1 ©n«^tn 1 ©¥±§ 

KfiSflfgJ: D a^H 2 ©¥±§$«g^tt^H 2 ©1i 

«^tf^w*a«©±ffi±tw*i^jtft?^^ 
i^t l/c w*i©jtft73ST-s o t, *mam 
mmmm±.xmmmmwmbr^^ t 
L/ciit^#mfct^fe©^s^o 

[0 0 8 6] C©^©®5 0©%HI!a, H 1 ©TO^ 

mm^rzm&ft 1 ©n«^tn 1 ©to 
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mm&& d M^m 2 w^mm&mt^mz ©ft 
mmmm±.T% 2 ©is« t ummh^x ? t 

L/cCt^SSt^St©^^ 
[0 0 8 7] MlB^5 1 ©»*, |g^*^aS 

n 1 mmiz c ©n 1 ©mgu o £Siift»^ 2 © 
a«©iffi±T-®2 ©fi« t *ggftf!La^ «k 9 »<: l/c 10 

[0 0 8 8] C(D^m<D%l5 Zommi., iH©¥£rfte 

m&mtU£M,ftZr s %% 1 ©Mfel^tc® 1 ©to 

mm&x d^^®2 ©TOMu^a^fr^® 2 ©a 

«£ttSS«©3Effi±k:«£j£lt2-y;2 <fc 5 £ L/cl 
©$ft7^£-3T, l^Stg©±ffi±-c-^2©ffi«i: 
ag&jSS L J; 5 L /c c £ 1 1 2 & © 

[0 0 8 9] C©fgH£©fl5 3©?tBm^ H 1 ©TOft 

^«&tts$snfr5&sn 1 ©isw^jg 1 ©to 20 

So 

[0090] cmw<D%5 4<Dmm, *ss*^ft« 
it 1 ©ti«^t c ©j§ 1 ©is« <fc <o %mm^% 2 © 
^«*frsas©iffi±ti^g*«&s <fc d t t/c 
mvfiMffixtb o t, «^a«©±ffi±^ 2 ©n« 
tmmb^^^^btcctmmtt^hff)^ 30 

[0 0 9 1 ] C©%fi©®4 6~®5 4©%BHtt5^ 

I I l-VH»|ftl, w*a«, 

ai£ ictfflto^TB, c©^©fgi~!gi 5© 
[0092] ±j&<D£5icm$,znrcc<Dmifc%^T 

1 1 i-vtt^Wlftl, &S 

^«#a©*»5as/i^ ntftii 1 i-v«ft 40 

±ffi±T\ Hl©1i«j:D¥»u^fi^\ ss^ 

m^ms&mh\ &sw^iift2»s§2 ©is 

i¥lftl> £SW;i£fi©*fflfr 

sftsitH2 ©^«t £zw&mm$omikt& 

[0 0 9 3] 

M©llffi©M C©^©m»H!COO 50 
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THffi£#!IL%^5>§JB^So HffiffMs©^H 

fcfcv^ ^i-s/caMjts-rsf^ta^-©^^^^ 
fo 0 1 fc«fc tfH 2 it c oMWM 1 ©HffiMcfe^ 

Tfgl/^GaNillfc^L HlASfffiH, Hi B 

C©GaNlIianST (000 1) I (Cffi) Tifu 
-£&% 0 fc/cL GaNlIlfiRE AffiS/c^Mffi 
#{u©fe©-e?<goTfcJ;t,\ L^GaNlilttW 
tt, TOMlM»«l^&S1I«A©^ ¥ 

fflWtgH^iJLTl^o CCl?, 1S«Ba^£^ft«© 
^£ttS©*)Mt£a*n?&S^ Hi Afc&^m 
fflBg{fcLTRfi^tti:LT£S («T^it) o C©Ji 

^ s£8©tS«b ^±^ig^aisa g a n© < 1 - 1 

0 0/ ^^loi^nt^m^t-SLTl^o /c 
£U gjfig©M«B^±^ig»I^GaN© <1 1 

-2o> m%£v*tit f $mfifiit-$t&&5K. 

LTfc M«B«G aNlil £11LT^S 0 C 
0GaN^10jJSttffl*fcf2OO~6OO/inn?S 

So a*, 02©Kna^B©ffl^afu«n^^ 

[0094] mBvmnm (m%.mmm<D*>b 
m±<Drm) wuiuoo^m, zmmmmsz 

0/imm fS«A©TOfsfuM»«'2 
x 1 0 6 cm" 2 , ffim<D¥i%MiffimMz.l$l X 1 

o 8 cm -2 -Qh^o mm^^ft^mmMm 

gO^OHW^H 3 t^to C©G a NSS 1 ig 

^t*$5o c©Ga ns«i ©s)ttM^sa*^aia 

Titft?^ Wrt7 hffi§«»LTjtft?^ 
SC i:Tf«fE»?^ PjTAg©{u«fci|^^fc© 

wt^Lxmmjbtu muz, M%&<vmmm(D 

mt%o C©am®©^m«©ff^tj:oT, 77-fe 

tiv vmft^^v vmm^o s/c, mmmv 
7,b94Tmm^ii, 7.h94fmmtiT, ^© 

S«t7 7-{r7 hffi*»tL, ffitML/c=ft^©7° 
yXl4K©77-t?y hffitftSo ^©^ Jtftl©Sffi 
tWifiJ, ffijg^rctfcj;^ «^¥±iffcL, a« 

£ rz , ±tH©ift^a© 1 1 < -ofro$.m&& 
<9%% 0 mzts, ^e^sas^^sso s/cs ¥ 
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•cvvsaafc**, tit, mo)mm'xmwKML 

T, Ctt#MfcL"TY>3$#t>S3o £7LT, C©a 
7 -fry hffi£«LTj&JI£ltTX£d^X?£ 0 c 

XS 0 X©XXX GaNMa2«cif\ 

^©8©«e, ^a^»ixffMxs c t ^x 

t S 0 MGa NilfE 1 ©J|{*W&gl73£^© £ 
£X\ T««^ffl«t2o c©X«S«i: 

^7S«xt^*x fcisms-rs c t&mtz 

t, ISL^t^G a A sIKH^I^l WWS 
U\ *LT\ c©X««lFX, WfcfcfS i0 2 Hfr 
6S5fMMt«. c©fi©ffi«, TOJXXM* 

sfcttxh^^Rfc-rscfc^ffSo c©fi«jj 20 

a, d©^ 02}c,XXM«B©KB£ftjEL 

(HVPE) fcJ;D, GaN£j?H$^Mt 
So GaNfiDiJIglfiDSffittt, S©X*-y 

J^fclSUfc77fcvhffi!^j£SnSo £©ifl©H 

mi© .j; a tatf f 7 htto/^ - 7 r 

■fey FffifrS&SHy FftWJlEL<7M£tl3o - 
7X a^XF7^7^©/^-y©^a> XyXivK 
©77-t7 hffi^ffM^tlSo X«fH£#£ 30 

X 2^fcG aN©J?fl|/iXffliiJtaX, ffllg/taXU g 
ffiWIftX^o Ltlta^T, GaN8«l£S3gt 
Stfcff"C£S 0 GaNS«l©if£tt, 

aNlSKi, Cffi^XffiXSX X©XX P/T/£©X 
X© F 7 Ftt (SS^ttX F 7^ X«) ©a^g^na 

mm, trsbmm b «wxl< m^nrcsutrs 

otl^o M«BJ^©^£g|im XSI^ffSA 

[0 0 9 5] g4tc«G aNStgl ©1g«B£#ftX 40 
3 $«»§XfIS^I t XX 0 L©J;^&GaNlIl 

X u©G aN^W*lLtaXft©G aNSfHl © 
H« B X 5. fsfuMS L T fnlWffiXX 3 o 
[0 0 9 6] fCT\ £©®1 ©^MMsfc&^Xki, 
H 6 fc^X J; 7 x 7 X y Xfc <]: D1SSB ©XgP^S 
^D/c'ltKt^. $2Dfciffl*t£l~l 0/imtX 
So H«B©gffi£\ GaNlf 1© 

Xffi^5»X5>tgfXui;^X?So XXX 07t^X 
J: 7 fX £©G a NS« 1 Xfc, t«&S{fc^Cffljftg 50 
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(M 0 C V D ) H lc <fc D flX#f}i£XMX3 G a N 
XXXXfX.<MI?XS C © G aN^X»ftlL© 
7 ^ftS B ©Xfcjtft Lt>JKjMX« B frt>WLff& 

ftSfciX G aNlIl ©XffiXfcJtftlXcG a N^X 

wm l t^©is«t <fc m§mmm^ <t 5 txs 

[0 0 9 7] M«B©X7XyXtt^©«fcLTfiX 
Ct^X'tSo HRfC, GaN&i:©S«M I I- 

h y 7 as h ©?srx* y , & we y yn% h ©®^ 
^t«\ ss#fix7x7 hx7XyxaEiie,si\ 

L^L^^P), GaNiil IctS^tmMBimmAlZ 

i\ c om^Mtm^m, b xaii« a ictt^rm^ 
mmm (■om^mi^ x;x>x& 0 , vx^'i, 1 ,, 1 ,^ 

&«AiDtX7f-yX)3g»Xcfc, M«B^ 
MaAt^LTSWcx7f-y7"XSCi;^XSSo 
c © x 7 f - y Wi, A ©gffi^r F * 2 fYX 
7LTtfoTfe<3:^^ G aNSIEl ^ffiX7Xy^ 
XSCi;tj;oTtM«B 7c ^^ilK^t x 7 X y XX 
St X7Xy^SS^±^S7ci6t, X7 

x y Xt«©SJt^S < L T x 7 x y X^tf o T J; V\ 
x7XyX?«^ 7;i/*U»*i:UTtt*af[: 

*y7A (koh) , mtbxuvym^Em^c 

fc^-ptSo x7f-yX73r£©*f*M^WSi:, 17 

T-ypg^K. XhTc K 0 HS«* 7 5 °C tij«#L, 
•^•©ift G a N*fi 1 ^ 1 O^rlL, X7XyX!$T 

©Xa-tiOl^tf^o C©X7XyXtj;D, tg 
« B X» 5 ^ m©«? S X^SXS iliftXS^o d <: 
X\ C ©X7XyXBf t G a NS« 1 ©«ffi^X7Xy 

x?nTffiji?na^x^xxs©^&3Xxs @wx, & 

gtJtSUT, G aNiil ©«ffitfj^tfj?$ 2 0 n m 
©T lli:J¥?3 0 0 nm©Pt flit L/c T 

i xp t fli^ssn^att j: DffMLTiriflit 

l» ^©^X7Xy^f7c3:7tLTfe<3:V\ 

z. © T i X P t JgliM*. ^'XX t <fc D x 7 X y 7B£X 

[0 0 9 8] iS«B©X7XyXaXfH©7X7 hX7 

xyXKWc, M^a'SfSft^xyx7XyX (r i 
E) © < fc7*F7^X7Xy7 f t < fcDffoTfe<3:<, 7j< 
*»H^7yXx7HH^ftHX8 0 0°CJXX©Sg 
X-SBf Pslto W#XS u 1 1 j; « Iffc^^x 7 x y X 

[0 0 9 9] ^X H6tXXG aNiil §fflt/XcG 
a N ^X»f* y-XXMft^ftSjiXn -fex ©-M^IK 
HJFfSo ccttt y 7X81*3 cfct/S CH (Separate 
Confineient Heterostructure) Sji^^XS G aNl 

x»#y-xx7^Ti^xSo 
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[0 10 0] t%t>%, 08 fc^f S"f, G a 

NS« 1 v;V7 U yTTs Htj; t) m> 

{tLtcik, fOitMOC VDStiD, nSGaN/^ 
77715, niA 1 G aN^77 FH 6 , nSGaN 
7,77 F-7© G a i-x In, N/Ga 4 

i n , NmmmpmmmMs, 77F-7i n 

GaNMKil9, piAlGaN^+77110, 
plGaNSIl 1, pSA 1 GaN^77KIl 

•W7tft7-£S 0 10 
[0 10 1] nlG aN;^7 7i5S^ 

fflfcfcfO. 0 5/xmTSD, nSMil^LT^xfcfS 
i ^F-7£tlTt/^o niA 1 GaN?77 Kl6tt 
JJSfffflfcfcf 1. nSfflKftfcl/tffl* 
k?S i^F-7°2tl, AllMafJ^tfO. 0 81?fe 
3 o n a G a N 7 K/f^^Mx. {f 0 . If/ ml? 

So 77F-7I n, G ai-, N/In,Gai- y 

In, Gan N«©]?£tf3. 5nmT?x = 0. 1 20 
4, WMMtLTOl n, Gai-, NjffiDjJS#7nm 
T?y = 0. 0 2, #fS#3"CS3 0 
[0 1 0 2 ] 77 F-7 I n G a N£fcKflfc« 9 tt, g 
1t«8fcgLT7£ffifrB, pSA 1 GaN+^y/l 

ffifc&tfS I niMa?Sft«8©|tlltLT© I n y 
Gai- y N1CI nlMy t-SLTfc'D, pSA 1 G 
aN^fy/ll OfcgLT^Sffifc&'tfS I n£M& 
OfcftoWSo d©77 K-7I nG a N^ftB&lhl 30 
9£#2ktMx7f 2 0 nraf^, 
[0 10 3] pSA 1 GaN + t7711 0«J?22Wj 

m i o n mt*$^ P m^mt ltmxj£v777 

77 (Mg) ^F-7$tlTV^„ CCpSA 1 G a N 
4^7711 0©A llMWJxtfO. 27<gS„ C<D 
pSA 1 G aN^fy/ll (Hi, pSGaNJtSP&Ji 
IK pSA 1 G aN777 Fll 2*5j;D i 'p§JG aN 
ny77 Ml 3©$jW#-fc?Sttl8frS I nfiML 

T£{£tz<D*w±tz t £ tt, -stti 8^ 

U7 (*?) ©*^-7n-£Kitt&fc&©&©"£ 40 
S^o pSGaN^jgll lB#£ffffl*.fcf0. 1 /x 

d , pm^'mt Lxwmi u g # v-yznx 
p sa i g a n 7 7 7 fii 2imzmmf 
o. pm?fw®itLwmmgtfv~ 

72tl, M&mWmiO. 0 8T£3 o pSGaN 

nywni3tti?«ia"o. i/imt$^ p 

§PR*E4$J£ LTfflfcfcfM g if F-7?tlTl^o 
[0 10 4] Sfc, I n*#ia^S"efeSnSG aN 
^77715, niA 1 G aN777 F/f6, niGa 
N)t»tl7, piAlGaN^^UO, pSG 50 
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aNMtll K pSA 1 G aN777 Fl 1 2ts£ 

ffpiGaNny^^nn (Df$mumm jx a 1 o 

OOtfigfcU In^&I^^Gai, In.N 

/ g a i- y in, mnm^ttpimomM 8 <vm 

U&Wmi 7 0 0 ~ 8 0 0 °C, §Jx fc? 7 3 0 °C £ 7 
So 77 F-7 I n G a N&fcKlhS 9 ©JtJtSfia, 

iSftn^Bt ^asttii 8 (omum mv<m a 7 3 

7BM7pSA 1 GaN^'^U 0(DmU&tm 
D<Mxif8 3 5TCfcftS«fc5K'rSo 

[0 10 5] iine.CDG aN^W*l®jS«JgSa, 
tfrfjxff, G a©jgStLT«hy^7;P7?'J7A ( (C 
H 3 ) 3 Ga, TMG) , A 1 (D^Mt LT« h V ^ 7 
^775-77 ( (CHs ) , A 1 , T MA) , I n© 
gf4i:LT«HJ ^7777777 ( (CHs ) , I 
n, TMI) N(Dj^Mt LT^NHs £fl^3 0 S 
fc, ^UrtfXfcLm fjxff, H 2 fcffi^So F 
-/^HlO^TS, niF-^y h LTSMxtft 
7777 (S1H7 pSF-^7htLTWJx 
fcf tf X = ^ 7 ;l/ 7 7 a ^ 7 ? 7 x - v 7~ * 7 7 A 

( (CH 3 Cs H< ) 2 Mg) SS7aE"7 = 77D^ 
y^7x-^v7*77A ( (Cs Hi ) ! Mg) ^ 

[oio6]^^7 moxoicLTG zm^ma 

^R*^/cGaNaSl^MOCVDS«^S^Dffi 
to ZLT, pSG aN3777Ml 3©^ffitMx 

(icvDS, nmmi, 7^77 u 77m h^^d 

Mxffg^^O. l /im©S i0 2 1 (H/T^rf) ^ 
SSctm C£7)S10 2 l±tU7777^-tj:DU 
7 ^BPOJ^K t^jS L rciftgmRO 77'7 h / < 7 - 7 
(0^^-f) *ffML, iK?)777 h^7->^^77 

FX7777, C F4 ^CHFs &H©77^ 

^#i?X7777^7^M^/cR I Er£tJ:D S i 0 2 
1^X77777, U 7 7gpt^iS7Sff^t7S 0 
[0 1 0 7] 777 CCS i Oz l^V77t LTR I 
E&lTfcD p§JA 1 G aN777 Kll 2©j??73|n]© 
jfr£©8!£ i T-x 7 7 7 7*^tf H 9 fc* 
fcfc^t, <1 -1 00) 73^]t@ft7SU77l 4^ 
JfM^S 0 CCU 777 4©^aMx.a'3/im7^S 0 
C(DR I E©X7777^7tUTaf[J7^*^^7 

[0 10 8] 777 X7 777'V77tLTffl^/cS i 
o 2 M^x 7 7 y TliicLm SK^ffitfJx. C V 
Dj£, 7/7y7Uy7r£ftHtj:DMx.a' 
J?^^0. 3/imCS 10 2 l©cfc7S;ieail 5^Jt 

[0 10 9] i7t7 U7777^-tJ:D pflMSffM 
fl«7^l 7cf|ii7ifilll 1 5 ©gffi£H7 777 h/^ 
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fciD, ma l 5 a*Bf&t% 0 

[oiio] jsctc, i^xM*-:/;£gii/rc££®:R 
n^uci^-ra (U7h*7) o cnick^r, m 

111 5©Mni 5aSlCTpSGaN3y?i'H 
13tny^^fLftpIfil6«?tl^ 10 
T\ £ © p flMS l 6 £$$1*3 p d 1, P t fjifeJctf 
A u WtDBZimZ-liZn^ft 1 0 n rn, 1 0 0 n m*3 
«fctf3 0 0 nmtta o ^t, pffllJSSl 6 £#-5 7 

[0 1 1 1 ] G a NSft 1 fi^l 

«£t i d a' t 1 p t sife <t tf a u i^iiw 
$u t i/p t/AuSji^nijiisi imm 

% 0 £ £ X\ C © nfMS 1 7 fcWjfrr 3 T i 1, P t 
Hfc«fctf A u|I©JJSttffl*£Wfn lOnm, 5 0 
nmfeitfl 0 0 nmtt4 nfJSfll 7^ 20 

- 5 7 7 g»£ #3 7d ^jaa^tf 5 o 
[0112] Hi 0fc*-r«fc5fc, *7H«2 

© £ 5 LT ly-^Sig^ffM^ n/c G a NS« 1 ©X 

\>y?*mfc <fc t>fr 4 tiinxt 

TS«SMffi£JMt£ 0 <:ti?>©4±l«ffi 

* tf y ymm% e t * 5 f? ? t ? 7 7fct 

[0 1 1 3] Hi Ofcfc^TB, 91s-<T>Wftfctf-0 30 

u-if ^ h 9 J 7 3 <o , c n#$&fcflg«® 

tl/cftM^W' 4 £SLTG>T, C© 

- 4 ©sa^i»ffitig^-r^»„ 

[0 1 1 4] Hi Ot^-TMtfe^Ta, GaNS^i 
ttU— tr©+MX;WJ/iiI f> 0 0 // m - 4 n ^ urefi 

znznsm 7,^y^^ymio£t\L^x^m 40 

[0115] £<nt^ mmm&G&m¥mfcu- 

-If* h 9^73 ^sa©^^i±^g^«s©£fgt 
tcwr « <fc 9 icm^omw ?£tic£<9, its b © 

If AlMtS^ c^Kj-g l W^^2 0 4±g 

SO^^-tO^Ta, Hi 0 ftJ©«73 |Rl©*l6fc?&0 

t, & h t i d s«© x 7 ? 4 \l y ?£tic 

<fc DSSfcJM^ti^ *©iftlS*Aflg#B£jI5ft^ 

©t\ mMBicmz$sftL<D%m*%vzcttt%\i\ 50 
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Lfcif-ix, mmm<, mimm^Gam* 

m#U~*f%m£ttfX1t%o tt±fc«fctK Hilt 

rrs g a mmfau-wmmnzo 

[0116] «±©i^t, ucHicUffiMciti 
«\ ¥±§MiSfi^ffi^1S«A©^t¥Wu^fi^a 

l«B^A73^«tMffiWtE?iJLTG^ G a N* 
« 1 © 5 ^f§« B ©±gp^x 7 ^ > X t <fc D ^£ LTli 
SB©gffi^G aNa«l©±ffi^5»gfL/c±T\ C© 
G a NS« 1 ±fClx-Hf«ig^fig-rS G a N^sff* 

^jsii^^ti^©t\ i/-fii«ffMi<:ffflsn 

SG a N^3fftlt1i«B©H«*™ftG^9 t 
tt*^ < ft#^© G a y^^f § £ £ 

[0 1 1 7] mx, £<D%imttmmic£m, m 

®M 8 mLXry Y~f I n G a N&fcB5lt« 9 
lte»tl> C©7yF-7°I nG aNM:B&ltS9£gL 
TpSA 1 G aN^-V7 7°Sl 0W5nT^8O 
7\ 77F-7I nG aN*fbPM«9tiD, pSA 
1 G a 7 711 0 ti DSttS 8 t|g4tSJS7J 
ttfXZZtt&lc, pS«©pS 

f-/^7 h t ixm^hzu g 7 tffifrrs 
©^W'/jjtjffits Li«a 

[0 1 18] ^t, C©^©it2©HffiffMlfcO^T 

I^tSo H l 2 c ©^ 2 ©MFMIfc 

fcV^Ttt, G a Nlfil©SiB©mi7fy^ 

1 3 fc^f J: 5 fc, COG aN®El±fc:MOC VD3£ 
ft 2 1 J; D G a N^^#f*l L ^ft * tirS 0 IfSW 

<D£t\m\<»%imMtmnx&%<Dx\ mmzm 
c©H2©nffiff»<toTfc, ni©nffimi 

[0119] c.<om<ofS3<ommm£-D^r 
mmt%o hi 4\c.&fr&5K, c©^3©nffimit 

fc'^Ttt, H 1 ©Hffiff^t G a NS« 1 ©M« 
B<D±nm^ytymi;tZ,£)\ £<D^ c©xy 
f-y^ttM^lJR I Eft^©F^^X7^7XtiDtf 

c©ti, isaBoigntt^iiaAoigiiitiDSG^ 
±t?tti£ ; g*^ta^j; ^ajSft^ffTMo c v Drift 

HtJ;DGaN^IftlLM«?^ 0 u©|gH, 
GaNl|l©±E fat)-efSSA±fc©»GaN3S 

^©C a® 1 ©HMIi: ^tffeSd?, 

m% 0 c©n3©nffiff«ioTfe, ni©nffi^ 

[0 12 0] C©^©^4©HffiMltOG^T 

f^-rso h 1 5 t^t ± ^ c ©n 4 (vmmm\t 
fe^Tn n i mn&mt mmic g a ns« i ©m« 
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ftjta^ff x g a w*i l famz^Zo 

GaNS«l©m t3*t3fl«A±fre» 
G aN^W*lL^«73^ftLTMaB<0±73T^ 
£U Mf«|«¥±M^SC^l?tSo /c/c 

t & cfc v\ ±hhj^© cttiii ©«mi£ nmm 
s©-^ mmzmtZo c<DfSA<omtmmc^r 10 

fe, H l ©H5Mfc ^tt&a&£f#S c 
[0 12 1] £©?»!§ 5 ©MM&fc^T 

mmt%o hi 6t^tcfc^t, c(D%50)mm&mic 

&^Xlt, G aNlftl ©iffi©')^®^©^^ 
£fc«?cfc?fcS 10, !&ii'«§eH§|l 8$ffMt 

So ccie^sii 8 a, flg«B£s^fc«5«:fc#"et 
narH©«t5ajgtttf«-3Tt>j:<, 0u*fcf, m^b© 

m^mtt LX fe, £ 5 W3;-^M^/cfI« B <fc 
tf A *^fcS5 X h 7J£K£ 20 

LT&<U\ Hi 7fc*-r«fc5fc, C(DGaNl 
IK 1 ±fcMO C V VmrsElck t) G a N^¥*ftS L£ 

S G a NSS 1 ©±ffi±t©&G a N L 

*M«ts 0 ifaa«Ltra i ommtmmv 

&%<DX\ IMfBgtSo Cff)%5ff)nMBMlc&i 

[0 12 2] Z.(Jmm^§<KWMMz~D^T 30 

»rs 0 h 1 8 t^-r j; a c ©m 6 ammnmic 

ti^Xtt, J§5©f«tMiit, G a NSfM 1 ©± 

ffi©^ft«B©g^£^t?f?j;^c:s i0 2 
H©M!l 8*^-rSo Hi 8*±tfBIl 9 
t^"f Ig^fgT, G a NSIS 1 ±tMO C V 
£fl^T ELOtiDGa W*l L £ffi7^$S 
2^S 0 £©t^ Mil 8±TfS73^af SG a 
Nl^lWlLft^-fSo fc/c'U GaN^iftl 
L ££^2 t&^^iattj;^ IfiW© eta 

j§i©i«iMati?&s©T\ f^^wso c 40 
©n 6 mmrnic ^Tfe,si ^iei t ^«t* 
a^tfsc^-etSo 

[0 12 3] Z.OMWM7 ■ ammmc-o^x 
nmtZo H2ot^£9fc, MS7ci»it 

fcl^m Hi ©iWIMtttG aNlfl ©is« 
BCiKX'yf y^i£« 0 ^t, GaNSftl© 
£®fcS i 0 2 !&£©fg£i§il 8?HU fi^B© 
K?£95*afcS 0 ^ H2 lfc^TiSfc:, WfcfcfR 
i Erit^Dieilli scxy^y^fi^ctfcj; 

d> mmmm\z<DKz<Dmm\ smt : c© 50 
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& il5£/c&il6©»EtM«!t, GaNlSl 
±£G a NMlL^ia^tXo ±!BJ^©£ 

«£i ©MEi^^rea&s©-^ f^tsgf s 0 
c ©n 7 ©umi t j; o x *> , n i ommm t mm 
mi&zmcttfxazo 
[0124] <Kom<o%8<ommmfc-D\<>T 

fe^Ttt, m 1 ©«F« ^itt G a NS« 1 ©n« 
B©isKl-yfym£t?o GaNlIlO 
^ffifcS i0 2 SiSt^ffiHSil 8«« 0 £©fc 

mtb^niz^mm^hz^ttzio wz, $m$R i e 

StiDieHSIl 8©X7^^7^^f^Cit<fcD^ 
M«A±«|g»Il 8^^£t^o H5S/c« 

® 6 omm&mtmmz, g a ns« i ±t g a n^^ 

ttfXHZo 

[0 1 2 5] £<D^m%9<VMW&MC'O^X 

ts^xtt, fs i nmssmt mic g a ns« i 

B©±gP£X7^y^£-fSo ^t, GaNlSl© 

^ffits io 2 narcissi 1 8$«u m«b© 
s 5 ©mi t y s o c © 

^ ® 5 S/c^6 ©HffiMIt ®mt, G a NS« 1 
c ©^ 9 ©HSIMIt iotfe, Hi ©HffiJ^H ^ 

[0 12 6] C©^©Hl 0©HSimitO^ 

Tiiwr So h 2 4 t^-r ± 5 ^ c ©h 1 0 ©n» 
intern h 1 ommmt mwc g a ns« 1 © 
^B©±g^x7^y^£-rs*\ c©^, i7 

So H2 5lc^t&.?>lc, GaNl|l©fI£ 

s i o 2 mE<ommmi uMt% 0 cott, mm 

x^izmmznt, mfcmimf&ztiztt 
So wmiR 1 Emicxmmmi 8©x 7 ^^ 

So c©ft, %5tzrc&%6(Dmmmtmmfc, c a 

NSSl ±£G aN^^ft^L^S^^So ±!H« 
^©C i: 1 ©Hffi^Ht ^«1?SS©T\ 
B§^So c©Hi O0^fl0#Bfc:«fcoTtK Hi©Hffi 

[0127] ^t, cofmofgi 1 <n%mm\co^ 
xmnt% 0 mi^rntk 3 )^ zm\ \<vm& 
miasms g a ns&i ©^A©ffi£^Btf a 
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tmmx^t>\ wmAtwmvtmic mmhm 
mim&tmm b mmmm&t<D^?mmm< 

\mm± 2 X 1 O 6 cm 2 JKT, H«BO)¥±§MjiSfi 
HIXIO* cm 2 JK±, ffi«C<OTOMiffiga 1 X 
1 0 8 cm 2 J;D/J^<, 2X1 O 6 cm^W? 
<, fflfcfcf (1~2) X 1 O 7 cm 2 WC&b&o 

\>>o)i\m \m ii \m 'm> i ^ 'Plh i i, M i]ii, id 

%.l$3 0 0 /xm, *fiD*g{i0!l*.fcf 2 0 /; m^fe« 0 $ 

[0128] l<2I1 1 ©llffiffMltfei^TW;, H 1 © 
MMst^oVTKG a NSft 1 ©M«B©±g^X-y 
9®£L;fc©£*fU G a NSfS 1 ©M«B 
*5 <fc mS« C ©±gP£x 7 f - y ?t <fc 0 Rfc£t 
So ±fffl£M© c t a® i inHrc&s© 

?\ I»*WSo C©J§1 l©»MltJ;oT 

^ h i mmmt mmmi&zm c 

[0129] st, cfiD5swo®i zornmm^^ 20 

Tl^tSo £©Hl 2 ©^Mlt&'^m H2<9 
llffiffMlt^oVT&G a NSIS 1 ©WB©mi7 
^y^t<fc9^£Lfc©t*fU GaNS«l(7)M«B 
£ J: tf C »H73 <D£$*x yf-y 9\z. <fc 0 
S 0 i»c fcfi® 1 feJctfig 1 1 ©UMlfc^ 

[0 13 0] St, C«%BH<7)Hl 3<DMim!&fcO^ 
XWR?%o £©iti 3©flffiff^itfc^T«, H3© 30 
OTBJBfcfcVTttG a NSS 1 ©«BO±3^X7 
fy^a«Slfc©t^L, G aNSfMl ©fi^B 
*5 £ t/ft« C (D±m%X >y?y 9lC <fc 0 Rfc£f 

s 0 mm^ctim \ 1 1 ©«Mii[R] 
ta^tfe, hi ©nffim^^TOL^ffsc ^ 

[0 13 1] St, £©%Bj4a)Hl wmsfcfflico^ 

rmwt&o z.om\ 4 ©^wit^m H4© 

MMBMlcis^X&G a NS« 1 ©MSB©±g^X7 40 
fy^a«SLfe©tSU GaNS«l©M«B 
33 <fc C ©±gB£x 7 *V9\C&*) Wkt 

s o ±!H«^© z.nm\^xs%\\ (ornmm t n 
mx&%(Dx, mmttmtz> 0 z.om \ a(dwmm 
(a^tfe, hi (Dmm&mt mmmmnz chit 

[0 13 2] St, C(D%m<D%l 5©»MltO^ 

xmmtz>o con 5©nffiff^t3o^Ts, hs© 

^ffiMlt^TkiG a NS« 1 ©M^B^ieei 1 8 
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Hi, H5*5J:t;Hi lClWiMat^S©-?, 
§JBJ4£*WS 0 c©Hi 5©llIItJ;oTt, H 

[0 13 3] St, u©%Bi4©Hl 6©H5tffMst^ 
tlit^o £©Hl 6©Hffiff«33^Ta, H6© 

iiMiti^-m g a ns« i mm b ^iegi 1 8 

IC&m-ircCDlCttL, G a NSK 1 (DWM BfSi. IfW. 

!sjb)!^ t«t s o c ©H 1 6 mmnm t ^ o t t , h 

[0134] st, co)^H)4a)Hi KDmmnmico^ 
xmwtZo cohi 7a)nsi^fiti3^Ta, H7© 

HSIff»l3^TaG a NSS 1 ©1i«Ba)±f^X7 
?y 9XC J: D ^SLfc© U G a N 1 ©M« B 

§o ±!bj^©c£&!§k H5*5j;t;Hi i © mm 
mmic <k o t t , it i t 

[0 13 5] St, COffiOSl 8©HffiffMlfcO^ 
TlKWrSo C©Hl 8©Hl^lt*3^Ta, H8© 

mmmcts^T&G a nss i ©^«B©±g^x7 
<k flgft c fiDffi^o±is&x 7 f - y <fc D ^St 

So ±fHW©Cta®K H 5*±tf®l lCUffi^ 

Mtnm.x%>%<Dx\ tmmmt^o c©hi 8©n 

CtifX^^o 

[0 13 6] St> C©HB^©Hl 9 ©Hilton 
TlKWrSo C0)Hl 9©Hffiff^t*3^Ta, H9© 
^Simitfc^TtiG a NSfHl ©H«Ba)±f^X7 

f y 9ic a d r^s u/c© u g a n as i mm b 

tf ^« C <JDffi73 ©±gB£i y ^ y <fc D 
S 0 ±!HJ-^£7)CtaHK H5feJ:CfHi l ©^ffiff^ 

i^^«T^s«T\ fj^tBS-rSo ccHi 9©n 
ffimst <fc o t , hi oymssm t mmm&nz 

CttfX1*Z>o 

[0 13 7] St, C©%B)4©H2 OCUffiff^t^^ 

TiMfSo co)^zo(Dmmnmicis^xii, hi o 

®^KItl5^tHG aNHl ©WBOil^I 
7^y^t<fc D ^SL/cCt^L, G a N8« 1 ©H« 

b 43 j; tfisa c ©±g^x 7 ? y ^t <fc d m T 

So ±!BK^©ctaHK H5fc'j:^Hi l (DmMB 

Mtmmx&z,(Dx, tmmmtZo c©H2o©n 
mm*. hit, hi ©nffimi t ^m^^tfs 

[0138] st, u©^B)4©H2 1 (ommmz.-?^ 
xmmt%o H2 8t^tJ:9t, c<D%2i<Dmm 
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mmmmm, zn&mszxfmt^ ft«B© 
? j-f 3 noma, m^mmz <DMm<D^m±*ffi& 

[0139] c©H2 1 ©^wit^m mm 
© $m±*&£wmft e> mmm 2 mtrni^ 

tlWtl^^BMo LfcASt, fj«B^I±£ 

[0140] ¥ffltt#&gfcsns®B:, u— fx 

^7°3©«^T&S^ H2 8^1**5 aE«t? 
fcftfcf, 1giiB©g^©M&^#ft&acMl>«£ 20 
BLfcfS ifiWc c i: ttH 1 <DWj&J&Wt h 
&£©-?, %Wfr%m%o L©l2i©»ita 

otfe, Hi ©^imi t mm 0 ^*tt* chtp'vi* 

So 

[0141] C©^H£©H2 2©f|fltO^ 

Tl^tSo 02 9«cl©H2 2©il»U^Tffl 
VSGaNSfi^-r^PffiBrPSSo H2 9iC/^tJ;9 
£©i! 2 2©HffiffMlt£^m H^BtfU— f 

x h y-( ■? 3 t-tsna^ J; 5 2 ffiissft 

So ll?, ly-+fXh-7^7°3«fiJ5)(B^5 5 0 jum 30 
JM±«nTV^o lt?fii$2fctt2{I©iS« 

iwi^na; ®i ©nffiMM«m&£t#s 

[0 14 2] St, Z.(DWmW,2 3<Dmsm\co^ 
Xmnt^o S3 0«;i©H2 3©»«:*5^Tffl 
l^SG a NSt££^f TffiHT&So COGaNlftl 
anS^Cffi73fiTSSo fc/c'U GaNiSlBR 
ffi, AffiS/caMffi73fu©fe©T£oTfe<J:l/\ COG 40 

sn« a © *\L¥msmwm^&fr ^^mm b 

tfGaNO<l 1-20) 73|nlt§J;y£4 0 0 /i mP B H 
^MWcE^iJL, <i l - 2 0> 73^*5^ <1 

-100) 73|n]tM^a'2 0-100(1 mWSM'VMMtf} 
fcE#|LTVS 0 fc/c'U <1 l-2 0> fifth <1- 
l oo> 73[nli:£Ati#x.Tt>cU\ 

[0 14 3] cff)$2 3 ©^ffiMlt&t^T&s H3 1 
<1 - 1 0 0> 73^©ii«B©?lJ^aD, fr'O, 50 
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if X h 9 4 7° 3 if Z. (D%M B ©?ij© Pb1©H«© ffi^jfi 
tfuBtS<fc?tig?1gii2^H££tlSo £©^ 
lt?St« 2 ttt^i B ©^ijaUKWt^Stift^o ±!H 

m<o tt&fsi mmfcMhmx&mx, 
mtZo cm2 3<DmmBmicxm, hi©hji 

[0144] st, coming 2 4<Dmmmco^ 
xwrntZo H3 2t^-r<fc5t, <i<d%2 40mm 

MldS^Ttt, H2 3©l«tMit&G aNill 

fX h^73 fcT-fr&— 
(1-100) 73^1©tl«B©^aD, fl&#©fflStf 
C©^«B©»5,gtn/c{u«^aSfi1:\ H2 3©H 

ffimitsaSo c©^, s?tia2tatiaB©?ij 

HiCflMMitTSS©-??, !»tB§fS 0 <: 

©H 2 4 ©fwiit etna; it 1 © t wm 

[0 14 5] St, C©%Bi5©H2 5©f|ffiMc^ 
TlKWrSo Bl 3 3 fcjjVTJ: 5 ^ C©H2 5©Hffi^ 
JBfcfc^Ttt, H2 3 (DMWMfflth |WMt& G a NSIK 1 

^t'nfe <i - 1 o o> 73(pi©fs^B©^j©ritfjiH 

U> ^O, fXh7^7°3^d©^B©^J©ri© 
SjS"?, H2 3©Hffi^.«i:^So coS^, 

I^tB§tSo c©H2 5©HffiMltj;tia\ Hi 

[0 1 4 6] C©%B^©H2 6©HffiMltO^ 

T^tSo 03 4t^-TJ;d^ d©H2 6©^ffi^ 
ilt*3^T«, H2 3 <DM1$Mf&h IrHIS G a NSK 1 

<1 - 1 00> 7^©fl«B©^S(X fW©Sffi^ 

c ©M« b ©?y ta <^P8ts1i« b ©?ij t ^©^©li 

igB©?iJfc©P B 1fc{!i«U ^ W^Xh^^7°3^ 
M«B©»S 5 0 ii m«±Sm/cfliB£S£ j^-e, H 
2 3©^SfimifcHftSo C©Jg^, *?1i«2taii 

« b © m i ns o ±mm<v ctm23ts£. 
xm i ©^ssM^ m%m s©t\ ^^tms-r « 0 

c©H2 6©^McJ;ti«; Hi ©Hffim^^Hi 

[0147] st, t<Dfm<of82 KDmrnmic-D^ 

TWffltZo 03 5^-r<fc5t, u©H2 7©Hffi^ 
Hfcfet^m H2 3 (DMMBWth IrIUS; G a NSK 1 
^ffll/^*^ h5^7°3tTOS:-^©Sffi^ 
(1-100) 73^]©ii«B©^5»gttl/c{u«^a 

d , mfioim&z ©isa b ©?ijta <*pgtsn« b 

©^iJfc^©S©iiiiB©^Jt©PBlt{u«L, ^ U- 
if X h 7 ^ 7° 3 BC»5 5 0(i m«±gfn/c{u 
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mmm z icttmrnnnnn 1 *^sns 0 ±ew© 

c tarn 2 3*5<kt;mi ©^Mlfc^Te&S©^ 
!»iWS 0 £©J§2 7©^ffiMlt<J;tUl ill 

©»« ^«m&£t#s c t ^tft So 
[0148] st, c<omi<ofg2 8(Dmvmmic~D^ 

TWmtZo S3 6ac©H2 8 ©^SfS^Jifcfc^TM 
t^SG aNill £*T¥®0"?&S o c©GaNift 
1 flgKBtfG aN© < 1 1 -2 0) tffofcfllfcfcf 2 

0 0 /x mP^B^MJTOtBa^JLTt^SC ££[i^T, !§ 10 

1 OOMmWfotS^THWcG aNSftl fc^flTCS 
So C©^ fM«2t«fi«B©m2*^3;tl 

So 

[0 l 4 9] H3 6fcg*f «fc5fc, £©|I2 8©»£ 
Itfe^Kt b-if X h 7^ 7 3 BSg-rSiSfiS B © 

7° 3 icvm-mm^ ©mm b © ^ t n 
s ©a <^ffi©n« b ©?ij t.<DM<om<D*£imm 

W? S o ±IB£W© c £&if£52 3 43 J: tfjg l ©IIM1 

tmm?&%o?, mw%mt%o c<DW28mm 20 
^ffit «fc it 1 mnm t mmm\&*m c t 

[0 15 0] St, lC^S2 9(0$»1ICO^ 
TlKB^tSo 03 7lt£(D%2 9 ©llMfit&^Tffl 
t^SG a N8l££^t ¥ffigr?&S 0 cl©GaNS«l 
SnSteCffitftiTCSSo fcfcU GaNSElttR 
ffi, ASSfcttMffifrffiOfcO'eSoTfc.fclA, £©G 
aN8«U tfe^m ¥±Sfsfi^g»«^5a 
S1S«A©^t, ^fsfi^fi^SV^^S^O, G 
a N© < 1 - 1 0 0> ^^Itlltttlft-rS^B^ 30 

< 1 - 1 0 0> 7^*£tS < 1 1-20) ^iRltW 
*{f4 0 0 fim^lTjiTOtE^JUTl^o fc/c'U 

< 1 - 1 0 0> 73^Jt < 1 1 - 2 0> 7}frfc£Atl#;l 

[0151] £©S!2 9©Hffiff^t*5^T«, H3 8 

t*-r<k?t, I/— ?'xh^73tW&-M©Sffi 
«BaD, fro, W ?'Xh^^73^C©fi« 
B ©P B 1©ft«©^Mt{u«tS £ a t|fffi« 2 fr 

as^nso c©^, ^Migc2tais«B©^^ 
K^t^stxft^o ±hh«^© ctmi ommmt 40 

miasms, n 1 (ommnrnt mm$imnz 

[0 15 2] St, cfl)fflOS3 0©»Mlt^ 
T§^T3 0 H3 9t^«t, £©I!3 0©^« 

itfe^ta, n 2 9 (Drnmnrnt mm% g a ns« 1 

£fflt^Sfr, U-if^ h^7°3 fcTOft— 0©Sffifr 
H«B£SD, ffi73©Sffi^u©1iig(B©^e»iltirc 

3\ *?1i«2taiiig(B©^ailKWt^StlftV\ 50 
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±ia«^© c t an 2 9 43 <t tfn 1 ©iwti t mm? 
tuf, n 1 ©i«iMWij££f#s c t &?% 

So 

[0 15 3] St, Z<Dfffli<D%3 1 ©»Mlt^ 
Tfi^rSo H4 0t*TJ;?t, MI3 1CIK 
Mti3^T«, H2 9 (DMMBMt IrHIS G a NSK 1 
W^Sfr, ly-^'X h^7°3 tTO%-*f©Sffifr 
lvfnfcft«B©PBlt{uBU fro, 1^-^7,1^7 

3 fr c ©ft« b ommm ^yumicimtz £ 5 1 
m^mm2m^ti^>^\ H2 §^%mm±wz 
s„ m : m®2Mmm<Dmmmfc% 
sn*i\ ±iH^©iii;a®2 9^<fc^i ©^»# 

i^^«7^S©T\ !«»TSo £©i§3 1©H 

[01 54] st, c 05^0® 3 2 0)mmnmi^^ 

Tf^tSo H4 nc^-Tcfc^t, £<D%3 2<Dm& 
mctoVXto, %2 9 <DMMBMt G a NSK 1 
fcflJ^Stf, b-^Xh^^73t I Ptf*-0©M^ 
M« B *1 0 , fWCM^ C ©fS« B CD?IJfc* <^pg 
•TS^Bt^CSC^BtcritfuBL, ^O, U 
-if X h 7^ 7° 3 B ^ 6 5 0 /i m«±gf tl/cfuB 

^ss^t\ ^2 9©nsi^iits*So <: * 
J§2 9*<fctf®i©^sfs^«ii:^-e*s©"e, ikbm 
nmtbm&mzm c ^ m* ^ s.. 

[0 1 5 5] St, ilO®M3 3©ilfl!LO^ 
THMfSo 04 2t^t<fc5t, C©H3 3©Hffi^ 
JBtfeV^Ttt, W/2 9©»lJl»GaNlSl 

^ffli^S^ u-ifx h7^73t¥tf*-o©«^ 
M« b ^ Sitn/cfiB^a D , fW©Sffi^ c ©1i« b 

c<d&&, m^WMzictemawmz i *^stxs 0 
mmv c t «n 2 9 fcj; tin i (ommrn t mm? 

£S©c\ fJBJf^tBgtSo C©H3 3©Hffiff»J: 

na\ n i mmnmt mmmwM^ c t 

So 

[oi 5 6] st, c©&b©&3 i^mmnmic^ 
?mmt So a 4 3 a c ©n 3 4 ©iwiit^rffl 

aNS«l£*-r¥ffiM&So MGaNll 

1 tt, f|«B^GaN© <1 1 - 2 0> 73^tM^tf2 

o o ii mfm?nm\'mm lti ^s c tmi >?, ® 

2 9©^ffi^ilt*3^TfflV^cG aNiil t^Hl^S 
So C©Ji^ H?^«2K:tt^«B©5l|H:2*-#$n 

So 

[0 1 5 7] H4 3lo^r<fc5£, C©H3 4©Hffi^ 
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3 £¥frfcHtf ©iSSff £ ti£ ©fi« B t ©« <* 
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(57) Abstract: 

PROBLEM TO BE SOLVED: To realize a highly reliable semiconductor light emitting element 
having good emission characteristics and a long lifetime, a highly reliable semiconductor element 
having good characteristics and a long lifetime. 

SOLUTION: At the time of fabricating a semiconductor light emitting element or a semiconductor 
element by growing a nitride based III-V compound semiconductor layer for forming a light emitting 
clement structure or an element structure on the major surface of a nitride based III-V compound 
semiconductor substrate 1 where a plurality of second regions B having a second mean dislocation 
density higher than a first mean dislocation density are arranged regularly in a first region A of the 
ciystal having the first mean dislocation density, the nitride based III-V compound semiconductor 
layer is prevented from coming into direct contact with the second region B on the major surface of 
the nitride based III-V compound semiconductor substrate. 
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CLAIMS 



[Claim(s)] 

[Claim l]The 1st average dislocation density. A nitride system 
group-III-V-semiconducter layer in which two or more 2nd fields that have the 2nd 
average dislocation density higher than the 1st average dislocation density of the above 
all over the 1st field that consists of a crystal which it has form light emitting element 
structure on the principal surface of a nitride system group-III-V-semiconducter board 
arranged regularly. It is a manufacturing method of a semiconductor light emitting 
element which manufactured a semiconductor light emitting element by making it grow 
up, A manufacturing method of a semiconductor light emitting element characterized by 
keeping the above-mentioned nitride system group-III-V-semiconducter layer from 
earn ing out direct contact to the 2nd field of the above on the principal surface of the 
above-mentioned nitride system group-III-V-semiconducter board. 
[Claim 2] A manufacturing method of the semiconductor light emitting element 
according to claim 1 removing the 2nd field of the above from the principal surface of 
the above-mentioned nitride system group-III-V-semiconducter board in part at least 
before growing up the above-mentioned nitride system group-III-V-semiconducter layer. 
[Claim 3]A manufacturing method of the semiconductor light emitting element 
according to claim 2 removing the 2nd field of the above by predetermined Mr. Fukashi 
from the principal surface of the above-mentioned nitride system 
group-III-V-semiconducter board before growing up the above-mentioned nitride 
system group-III-V-semiconducter layer. 

[Claim 4] A manufacturing method of the semiconductor light emitting element 
according to claim 3, wherein the above-mentioned predetermined depth is 1 
micrometers or more. 

[Claim 5]A manufacturing method of the semiconductor light emitting element 
according to claim 3, wherein the above-mentioned predetermined depth is not less than 
10 micrometers. 

[Claim 6] A manufacturing method of the semiconductor light emitting element 

according to claim 2 all removing the 2nd field of the above before growing up the 

above-mentioned nitride system group-III-V-semiconducter layer. 

[Claim 7] A manufacturing method of the semiconductor light emitting element 

according to claim 2 removing the 2nd field of the abov e by etching. 

[Claim 8] A manufacturing method of the semiconductor light emitting element 

according to claim 7, wherein the above-mentioned etching is wet etching. 



[Claim 9] A manufacturing method of the semiconductor light emitting element 
according to claim 7, wherein the above-mentioned etching is dry etching. 
[Claim 10] A manufacturing method of the semiconductor light emitting element 
according to claim 7, wherein the above-mentioned etching is thermochemistry etching. 
[Claim 11] A manufacturing method of the semiconductor light emitting element 
according to claim 1 covering the surface of the 2nd field of the above by an enveloping 
layer before growing up the above-mentioned nitride system group-III-V-semiconducter 
layer. 

[Claim 12] A manufacturing method of the semiconductor light emitting element 
according to claim 1 1, wherein the 2nd field of the above is removed by predetermined 
Mr. Fukashi from the principal surface of the above-mentioned nitride system 
group-III-V-semiconducter board. 

[Claim 13] A manufacturing method of the semiconductor light emitting element 
according to claim 12, wherein a portion from which the 2nd field of the above was 
removed is buried by the above-mentioned enveloping layer. 
[Claim 14]A manufacturing method of the semiconductor light emitting element 
according to claim 11, wherein the surface of the above-mentioned enveloping layer is 
in a position higher than the principal surface of the above-mentioned nitride system 
group-III-V-semiconducter board. 

[Claim 15] A manufacturing method of the semiconductor light emitting element 
according to claim 11, wherein the surface of the above-mentioned enveloping layer is 
in agreement with the principal surface of the above-mentioned nitride system 
group-III-V-semiconducter board. 

[Claim 16] A manufacturing method of the semiconductor light emitting element 
according to claim 1 having arranged periodically two or more 2nd fields of the above. 
[Claim 17] A manufacturing method of the semiconductor light emitting element 
according to claim 1 having arranged periodically two or more 2nd fields of the above 
in the shape of a hexagonal lattice. 

[Claim 18] A manufacturing method of the semiconductor light emitting element 
according to claim 1 having arranged periodically two or more 2nd fields of the above 
in the shape of a rectangular grid. 

[Claim 19] A manufacturing method of the semiconductor light emitting element 
according to claim 1 having arranged periodically two or more 2nd fields of the above 
in the shape of a tetragonal lattice. 

[Claim 20]A manufacturing method of the semiconductor light emitting element 
according to claim 1, wherein an interval of the 2nd two field of the above that adjoins 



mutually is not less than 20 micrometers. 

[Claim 21]A manufacturing method of the semiconductor light emitting element 
according to claim 1, wherein an interval of the 2nd two field of the above that adjoins 
mutually is not less than 50 micrometers. 

[Claim 22]A manufacturing method of the semiconductor light emitting element 
according to claim 1, wherein an interval of the 2nd two field of the above that adjoins 
mutually is not less than 100 micrometers. 

[Claim 23]A manufacturing method of the semiconductor light emitting element 
according to claim 16, wherein an array cycle of the 2nd field of the above is not less 
than 20 micrometers. 

[Claim 24]A manufacturing method of the semiconductor light emitting element 
according to claim 16, wherein an array cycle of the 2nd field of the above is not less 
than 50 micrometers. 

[Claim 25]A manufacturing method of the semiconductor light emitting element 
according to claim 16, wherein an array cycle of the 2nd field of the above is not less 
than 100 micrometers. 

[Claim 26]A manufacturing method of the semiconductor light emitting element 
according to claim 1, wherein the 2nd field of the above has unfixed multiple pillar-like 
shape. 

[Claim 27]A manufacturing method of the semiconductor light emitting element 
according to claim 1, wherein the 3rd field that has the 3rd average dislocation density 
lower than the 2nd average dislocation density of the above more highly than the 1st 
average dislocation density of the above is provided between the 1st field of the above, 
and the 2nd field of the above. 

[Claim 28]A manufacturing method of the semiconductor light emitting element 
according to claim 27 characterized by keeping the above-mentioned nitride system 
group-III-V-semiconducter layer from earn ing out direct contact to the 2nd field of the 
above, and the 3rd field of the above on the principal surface of the above-mentioned 
nitride system group-III-V-semiconducter board. 

[Claim 29]A manufacturing method of the semiconductor light emitting element 
according to claim 28 removing the 2nd field of the above, and the 3rd field of the 
above from the principal surface of the above-mentioned nitride system 
group-III-V-semiconducter board in part at least before growing up the 
above-mentioned nitride system group-III-V-semiconducter layer. 
[Claim 30]A manufacturing method of the semiconductor light emitting element 
according to claim 1, wherein a diameter of the 2nd field of the above is not less than 10 



micrometers 100 micrometers or less. 

[Claim 31] A manufacturing method of the semiconductor light emitting element 
according to claim 1, wherein a diameter of the 2nd field of the above is not less than 20 
micrometers 50 micrometers or less. 

[Claim 32]A manufacturing method of the semiconductor light emitting element 
according to claim 27, wherein a diameter of the 3rd field of the above is larger than a 
diameter of the 2nd field of the above not less than 20 micrometers 200 micrometers or 
less. 

[Claim 33]A manufacturing method of the semiconductor light emitting element 
according to claim 27, wherein a diameter of the 3rd field of the above is larger than a 
diameter of the 2nd field of the above not less than 40 micrometers 160 micrometers or 
less. 

[Claim 34]A manufacturing method of the semiconductor light emitting element 
according to claim 27, wherein a diameter of the 3rd field of the above is larger than a 
diameter of the 2nd field of the above not less than 60 micrometers 140 micrometers or 
less. 

[Claim 35]A manufacturing method of the semiconductor light emitting element 
according to claim 1, wherein average dislocation density of the 2nd field of the above 
is 5 or more times of average dislocation density of the 1st field of the above. 
[Claim 36]A manufacturing method of the semiconductor light emitting element 
according to claim 1, wherein average dislocation density of the 2nd field of the above 
is more than 1x10 8 cm" 2 . 

[Claim 37]A manufacturing method of the semiconductor light emitting element 
according to claim 1, wherein average dislocation density of below 2x10 6 cm" 2 and the 
2nd field of the above of average dislocation density of the 1st field of the above is 
more than 1x10 8 cm" 2 . 

[Claim 38]Average dislocation density of the 1st field of the above Below 2x10 6 cm" 2 
A manufacturing method of the semiconductor light emitting element according to 
claim 27 average dislocation density of the 3rd field of the above of average dislocation 
density of the 2nd field of the above is [ more than 1x10 8 cm" 2 ] lower than 1x10 8 cm" 2 , 
and being larger than 2x10 6 cm" 2 . 

[Claim 39]The above-mentioned nitride system group-III-V-semiconducter board 
aluminumxB y Gai. x . y . z In z As u Ni-u-vPv A manufacturing method of the semiconductor 
light emitting element according to claim 1 consisting of (0<=x<=l, 0<=y<=l, 
0<=z<=l, 0<=u<=l, 0<=v<=l, 0<=x+y+ z <l, 0<=u+v<l). [ however, ] 
[Claim 40]A manufacturing method of the semiconductor light emitting element 



according to claim 1, wherein the above-mentioned nitride system 
group-III-V-semiconducter board consists of aluminum x B y Gai. x . y . z In z N (however, 
0<=x<=l, 0<=y<=l, 0<=z<=l, 0<=x+y+ z <l). 

[Claim 41]A manufacturing method of the semiconductor light emitting element 
according to claim 1, wherein the above-mentioned nitride system 
group-III-V-semiconducter board consists of aluminumxGai. x -zIn z N (however, 0<=x<=l, 
0<=z<=l). 

[Claim 42]A manufacturing method of the semiconductor light emitting element 
according to claim 1, wherein the above-mentioned nitride system 
group-III-V-semiconducter board consists of GaN(s). 

[Claim 43]A manufacturing method of the semiconductor light emitting element 
according to claim 1, wherein the above-mentioned semiconductor light emitting 
element is a semiconductor laser. 

[Claim 44] A manufacturing method of the semiconductor light emitting element 
according to claim 1, wherein the above-mentioned semiconductor light emitting 
element is a light emitting diode. 

[Claim 45]The 1st average defect density. A nitride system group-III-V-semiconducter 
layer in which two or more 2nd fields that have the 2nd average defect density higher 
than the 1st average defect density of the above all over the 1st field that consists of a 
crystal which it has form light emitting element structure on the principal surface of a 
nitride system group-III-V-semiconducter board arranged regularly. It is a 
manufacturing method of a semiconductor light emitting element which manufactured a 
semiconductor light emitting element by making it grow up, A manufacturing method 
of a semiconductor light emitting element characterized by keeping the 
above-mentioned nitride system group-III-V-semiconducter layer from carrying out 
direct contact to the 2nd field of the above on the principal surface of the 
above-mentioned nitride system group-III-V-semiconducter board. 
[Claim 46]By growing up a nitride system group-III-V-semiconducter layer which 
forms light emitting element structure on the principal surface of a nitride system 
group-III-V-semiconducter board which two or more 2nd fields where crystallinity is 
worse than this 1st field have arranged regularly all over the 1st field that consists of 
crystals. A manufacturing method of a semiconductor light emitting element which is a 
manufacturing method of a semiconductor light emitting element which manufactured a 
semiconductor light emitting element, and is characterized by keeping the 
above-mentioned nitride system group-III-V-semiconducter layer from carrying out 
direct contact to the 2nd field of the above on the principal surface of the 



above-mentioned nitride system group-III-V-semiconducter board. 
[Claim 47]A manufacturing method of the semiconductor light emitting element 
according to claim 46 with which the 1st field of the above is a single crystal, and the 
2nd field of the above is characterized by a single crystal, poly crystal, or amorphous or 
intermingling two or more [ these ]. 

[Claim 48]The 1st average dislocation density. A nitride system 
group-III-V-semiconducter layer in which two or more 2nd fields that have the 2nd 
average dislocation density higher than the 1st average dislocation density of the above 
all over the 1st field that consists of a crystal which it has form element structure on the 
principal surface of a nitride system group-III-V-semiconducter board arranged 
regularly. A manufacturing method of a semiconductor device which is a manufacturing 
method of a semiconductor device which manufactured a semiconductor device by 
making it grow up, and is characterized by keeping the above-mentioned nitride system 
group-III-V-semiconducter layer from carrying out direct contact to the 2nd field of the 
above on the principal surface of the above-mentioned nitride system 
group-III-V-semiconducter board. 

[Claim 49]A manufacturing method of the semiconductor device according to claim 48, 
wherein the above-mentioned semiconductor device is a light emitting device. 
[Claim 50]A manufacturing method of the semiconductor device according to claim 48, 
wherein the above-mentioned semiconductor device is a photo detector. 
[Claim 51] A manufacturing method of the semiconductor device according to claim 48, 
wherein the above-mentioned semiconductor device is an electronic run element. 
[Claim 52]The 1st average defect density. A nitride system group-III-V-semiconducter 
layer in which two or more 2nd fields that have the 2nd average defect density higher 
than the 1st average defect density of the above all over the 1st field that consists of a 
crystal which it has form element structure on the principal surface of a nitride system 
group-III-V-semiconducter board arranged regularly. A manufacturing method of a 
semiconductor device which is a manufacturing method of a semiconductor device 
which manufactured a semiconductor device by making it grow up, and is characterized 
by keeping the above-mentioned nitride system group-III-V-semiconducter layer from 
carrying out direct contact to the 2nd field of the above on the principal surface of the 
above-mentioned nitride system group-III-V-semiconducter board. 
[Claim 53]By growing up a nitride system group-III-V-semiconducter layer which 
forms element structure on the principal surface of a nitride system 
group-III-V-semiconducter board which two or more 2nd fields where crystallinity is 
worse than this 1st field have arranged regularly all over the 1st field that consists of 



crystals. A manufacturing method of a semiconductor device which is a manufacturing 
method of a semiconductor device which manufactured a semiconductor device, and is 
characterized by keeping the above-mentioned nitride system 

group-III-V-semiconducter layer from carrying out direct contact to the 2nd field of the 
above on the principal surface of the above-mentioned nitride system 
group-III-V-semiconducter board. 

[Claim 54]By growing up a semiconductor layer by which two or more 2nd fields that 
have the 2nd average dislocation density higher than the 1st average dislocation density 
of the above all over the 1st field that consists of a crystal which has the 1st average 
dislocation density form light emitting element structure on the principal surface of a 
semiconductor substrate arranged regularly. A manufacturing method of a 
semiconductor light emitting element which is a manufacturing method of a 
semiconductor light emitting element which manufactured a semiconductor light 
emitting element, and is characterized by keeping the above-mentioned semiconductor 
layer from earning out direct contact to the 2nd field of the above on the principal 
surface of the above-mentioned semiconductor substrate. 

[Claim 55]By growing up a semiconductor layer by which two or more 2nd fields that 
have the 2nd average defect density higher than the 1st average defect density of the 
above all over the 1st field that consists of a crystal which has the 1st average defect 
density form light emitting element structure on the principal surface of a 
semiconductor substrate arranged regularly. A manufacturing method of a 
semiconductor light emitting element which is a manufacturing method of a 
semiconductor light emitting element which manufactured a semiconductor light 
emitting element, and is characterized by keeping the above-mentioned semiconductor 
layer from carrying out direct contact to the 2nd field of the above on the principal 
surface of the above-mentioned semiconductor substrate. 

[Claim 56]It is a manufacturing method of a semiconductor light emitting element 
which manufactured a semiconductor light emitting element by growing up a 
semiconductor layer which forms light emitting element structure on the principal 
surface of a semiconductor substrate which two or more 2nd fields where crystallinity is 
worse than this 1st field have arranged regularly all over the 1st field that consists of 
crystals, A manufacturing method of a semiconductor light emitting element 
characterized by keeping the above-mentioned semiconductor layer from carrying out 
direct contact to the 2nd field of the above on the principal surface of the 
above-mentioned semiconductor substrate. 

[Claim 57]By growing up a semiconductor layer by which two or more 2nd fields that 



have the 2nd average dislocation density higher than the 1st average dislocation density 
of the above all over the 1st field that consists of a crystal which has the 1st average 
dislocation density form element structure on the principal surface of a semiconductor 
substrate arranged regularly. A manufacturing method of a semiconductor device which 
is a manufacturing method of a semiconductor device which manufactured a 
semiconductor device, and is characterized by keeping the above-mentioned 
semiconductor layer from carrying out direct contact to the 2nd field of the above on the 
principal surface of the above-mentioned semiconductor substrate. 
[Claim 58]By growing up a semiconductor layer by which two or more 2nd fields that 
have the 2nd average defect density higher than the 1st average defect density of the 
above all over the 1st field that consists of a crystal which has the 1st average defect 
density form element structure on the principal surface of a semiconductor substrate 
arranged regularly. A manufacturing method of a semiconductor device which is a 
manufacturing method of a semiconductor device which manufactured a semiconductor 
device, and is characterized by keeping the above-mentioned semiconductor layer from 
carrying out direct contact to the 2nd field of the above on the principal surface of the 
above-mentioned semiconductor substrate. 

[Claim 59]It is a manufacturing method of a semiconductor device which manufactured 
a semiconductor device by growing up a semiconductor layer which forms element 
structure on the principal surface of a semiconductor substrate which two or more 2nd 
fields where crystallinity is worse than this 1st field have arranged regularly all over the 
1st field that consists of crystals, A manufacturing method of a semiconductor device 
characterized by keeping the above-mentioned semiconductor layer from carrying out 
direct contact to the 2nd field of the above on the principal surface of the 
above-mentioned semiconductor substrate. 

[Claim 60]By growing up a layer in which two or more 2nd fields that have the 2nd 
average dislocation density higher than the 1st average dislocation density of the above 
all over the 1st field that consists of a crystal which has the 1st average dislocation 
density form element structure on the principal surface of a substrate arranged regularly. 
A manufacturing method of an element which is a manufacturing method of an element 
which manufactured an element and is characterized by keeping the above-mentioned 
layer from carrying out direct contact to the 2nd field of the above on the principal 
surface of the above-mentioned substrate. 

[Claim 61]By growing up a layer in which two or more 2nd fields that have the 2nd 
average defect density higher than the 1st average defect density of the above all over 
the 1st field that consists of a crystal which has the 1st average defect density form 



element structure on the principal surface of a substrate arranged regularly. A 
manufacturing method of an element which is a manufacturing method of an element 
which manufactured an element and is characterized by keeping the above-mentioned 
layer from carrying out direct contact to the 2nd field of the above on the principal 
surface of the above-mentioned substrate. 

[Claim 62]It is a manufacturing method of an element which manufactured an element 
by growing up a layer which forms element structure on the principal surface of a 
substrate which two or more 2nd fields where crystallinity is worse than this 1st field 
have arranged regularly all over the 1st field that consists of crystals, A manufacturing 
method of an element characterized by keeping the above-mentioned layer from 
carrying out direct contact to the 2nd field of the above on the principal surface of the 
above-mentioned substrate. 

[Claim 63]Two or more 2nd fields that have the 2nd average dislocation density higher 
than the 1st average dislocation density of the above all over the 1st field that consists 
of a crystal which has the 1st average dislocation density arrange regularly at the 1st 
interval in the 1st direction, By growing up a nitride system group-III-V-semiconducter 
layer which forms light emitting element structure on the principal surface of a nitride 
system group-III-V-semiconducter board regularly arranged at the 2nd interval smaller 
than the 1st interval of the above in the 1st direction of the above, and the 2nd direction 
that intersects perpendicularly. A manufacturing method of a semiconductor light 
emitting element which is a manufacturing method of a semiconductor light emitting 
element which manufactured a semiconductor light emitting element, and is 
characterized by keeping the above-mentioned nitride system 

group-III-V-semiconducter layer from carrying out direct contact to the 2nd field of the 
above on the principal surface of the above-mentioned nitride system 
group-III-V-semiconducter board. 

[Claim 64]Two or more 2nd fields that have the 2nd average defect density higher than 
the 1st average defect density of the above all over the 1st field that consists of a crystal 
which has the 1st average defect density arrange regularly at the 1st interval in the 1st 
direction, By growing up a nitride system group-III-V-semiconducter layer which forms 
light emitting element structure on the principal surface of a nitride system 
group-III-V-semiconducter board regularly arranged at the 2nd interval smaller than the 
1st interval of the above in the 1st direction of the above, and the 2nd direction that 
intersects perpendicularly. A manufacturing method of a semiconductor light emitting 
element which is a manufacturing method of a semiconductor light emitting element 
which manufactured a semiconductor light emitting element, and is characterized by 



keeping the above-mentioned nitride system group-III-V-semiconducter layer from 
carrying out direct contact to the 2nd field of the above on the principal surface of the 
above-mentioned nitride system group-III-V-semiconducter board. 
[Claim 65]Two or more 2nd fields where crystallinity is worse than this 1st field 
arrange regularly at the 1st interval in the 1st direction all over the 1st field that consists 
of crystals, By growing up a nitride system group-III-V-semiconducter layer which 
forms light emitting element structure on the principal surface of a nitride system 
group-III-V-semiconducter board regularly arranged at the 2nd interval smaller than the 
1st interval of the above in the 1st direction of the above, and the 2nd direction that 
intersects perpendicularly. A manufacturing method of a semiconductor light emitting 
element which is a manufacturing method of a semiconductor light emitting element 
which manufactured a semiconductor light emitting element, and is characterized by 
keeping the above-mentioned nitride system group-III-V-semiconducter layer from 
earn ing out direct contact to the 2nd field of the above on the principal surface of the 
above-mentioned nitride system group-III-V-semiconducter board. 
[Claim 66]The 1st average dislocation density. Two or more 2nd fields that extend in 
linear shape which has the 2nd average dislocation density higher than the 1st average 
dislocation density of the above all over the 1st field that consists of a crystal which it 
has on the principal surface of a nitride system group-III-V-semiconducter board 
arranged regularly mutually in parallel light emitting element structure. It is a 
manufacturing method of a semiconductor light emitting element which manufactured a 
semiconductor light emitting element by growing up a nitride system 
group-III-V-semiconducter layer to form, A manufacturing method of a semiconductor 
light emitting element characterized by keeping the above-mentioned nitride system 
group-III-V-semiconducter layer from carrying out direct contact to the 2nd field of the 
above on the principal surface of the above-mentioned nitride system 
group-III-V-semiconducter board. 

[Claim 67]The 1st average defect density. Two or more 2nd fields that extend in linear 
shape which has the 2nd average defect density higher than the 1st average defect 
density of the above all over the 1st field that consists of a crystal which it has on the 
principal surface of a nitride system group-III-V-semiconducter board arranged 
regularly mutually in parallel light emitting element structure. It is a manufacturing 
method of a semiconductor light emitting element which manufactured a semiconductor 
light emitting element by growing up a nitride system group-III-V-semiconducter layer 
to form, A manufacturing method of a semiconductor light emitting element 
characterized by keeping the above-mentioned nitride system 



group-III-V-semiconducter layer from carrying out direct contact to the 2nd field of the 
above on the principal surface of the above-mentioned nitride system 
group-III-V-semiconducter board. 

[Claim 68]Two or more 2nd fields where crystallinity extends in bad linear shape from 
this 1st field all over the 1st field that consists of crystals a nitride system 
group-III-V-semiconducter layer which forms light emitting element structure on the 
principal surface of a nitride system group-III-V-semiconducter board arranged 
regularly mutually in parallel. It is a manufacturing method of a semiconductor light 
emitting element which manufactured a semiconductor light emitting element by 
making it grow up, A manufacturing method of a semiconductor light emitting element 
characterized by keeping the above-mentioned nitride system 

group-III-V-semiconducter layer from carrying out direct contact to the 2nd field of the 
above on the principal surface of the above-mentioned nitride system 
group-III-V-semiconducter board. 

[Claim 69]Two or more 2nd fields that have the 2nd average dislocation density higher 
than the 1st average dislocation density of the above all over the 1st field that consists 
of a crystal which has the 1st average dislocation density arrange regularly at the 1st 
interval in the 1st direction, By growing up a nitride system group-III-V-semiconducter 
layer which forms element structure on the principal surface of a nitride system 
group-III-V-semiconducter board regularly arranged at the 2nd interval smaller than the 
1st interval of the above in the 1st direction of the above, and the 2nd direction that 
intersects perpendicularly. A manufacturing method of a semiconductor device which is 
a manufacturing method of a semiconductor device which manufactured a 
semiconductor device, and is characterized by keeping the above-mentioned nitride 
system group-III-V-semiconducter layer from carrying out direct contact to the 2nd 
field of the above on the principal surface of the above-mentioned nitride system 
group-III-V-semiconducter board. 

[Claim 70]Two or more 2nd fields that have the 2nd average defect density' higher than 
the 1st average defect density of the above all over the 1st field that consists of a crystal 
which has the 1st average defect density arrange regularly at the 1st interval in the 1st 
direction, By growing up a nitride system group-III-V-semiconducter layer which forms 
element structure on the principal surface of a nitride system group-III-V-semiconducter 
board regularly arranged at the 2nd interval smaller than the 1st interval of the above in 
the 1st direction of the above, and the 2nd direction that intersects perpendicularly. A 
manufacturing method of a semiconductor device which is a manufacturing method of a 
semiconductor device which manufactured a semiconductor device, and is characterized 



by keeping the above-mentioned nitride system group-III-V-semiconducter layer from 
carrying out direct contact to the 2nd field of the above on the principal surface of the 
above-mentioned nitride system group-III-V-semiconducter board. 
[Claim 71]Two or more 2nd fields where crystallinity is worse than this 1st field 
arrange regularly at the 1st interval in the 1st direction all over the 1st field that consists 
of crystals, By growing up a nitride system group-III-V-semiconducter layer which 
forms element structure on the principal surface of a nitride system 
group-III-V-semiconducter board regularly arranged at the 2nd interval smaller than the 
1st interval of the above in the 1st direction of the above, and the 2nd direction that 
intersects perpendicularly. A manufacturing method of a semiconductor device which is 
a manufacturing method of a semiconductor device which manufactured a 
semiconductor device, and is characterized by keeping the above-mentioned nitride 
system group-III-V-semiconducter layer from carrying out direct contact to the 2nd 
field of the above on the principal surface of the above-mentioned nitride system 
group-III-V-semiconducter board. 

[Claim 72]The 1st average dislocation density. Two or more 2nd fields that extend in 
linear shape which has the 2nd average dislocation density higher than the 1st average 
dislocation density of the above all over the 1st field that consists of a crystal which it 
has on the principal surface of a nitride system group-III-V-semiconducter board 
arranged regularly mutually in parallel element structure. It is a manufacturing method 
of a semiconductor device which manufactured a semiconductor device by growing up a 
nitride system group-III-V-semiconducter layer to form, A manufacturing method of a 
semiconductor device characterized by keeping the above-mentioned nitride system 
group-III-V-semiconducter layer from carrying out direct contact to the 2nd field of the 
above on the principal surface of the above-mentioned nitride system 
group-III-V-semiconducter board. 

[Claim 73]The 1st average defect density. Two or more 2nd fields that extend in linear 
shape which has the 2nd average defect density higher than the 1st average defect 
density of the above all over the 1st field that consists of a crystal which it has on the 
principal surface of a nitride system group-III-V-semiconducter board arranged 
regularly mutually in parallel element structure. It is a manufacturing method of a 
semiconductor device which manufactured a semiconductor device by growing up a 
nitride system group-III-V-semiconducter layer to form, A manufacturing method of a 
semiconductor device characterized by keeping the above-mentioned nitride system 
group-III-V-semiconducter layer from carrying out direct contact to the 2nd field of the 
above on the principal surface of the above-mentioned nitride system 



group-III-V-semiconducter board. 

[Claim 74]Two or more 2nd fields where crystallinity extends in bad linear shape from 
this 1st field all over the 1st field that consists of crystals a nitride system 
group-III-V-semiconducter layer which forms element structure on the principal surface 
of a nitride system group-III-V-semiconducter board arranged regularly mutually in 
parallel. A manufacturing method of a semiconductor device which is a manufacturing 
method of a semiconductor device which manufactured a semiconductor device by 
making it grow up, and is characterized by keeping the above-mentioned nitride system 
group-III-V-semiconducter layer from carrying out direct contact to the 2nd field of the 
above on the principal surface of the above-mentioned nitride system 
group-III-V-semiconducter board. 

[Claim 75]Two or more 2nd fields that have the 2nd average dislocation density higher 
than the 1st average dislocation density of the above all over the 1st field that consists 
of a crystal which has the 1st average dislocation density arrange regularly at the 1st 
interval in the 1st direction. It is a manufacturing method of a semiconductor light 
emitting element which manufactured a semiconductor light emitting element by 
growing up a semiconductor layer which forms light emitting element structure on the 
principal surface of a semiconductor substrate regularly arranged at the 2nd interval 
smaller than the 1st interval of the above in the 1st direction of the above, and the 2nd 
direction that intersects perpendicularly, A manufacturing method of a semiconductor 
light emitting element characterized by keeping the above-mentioned semiconductor 
layer from carrying out direct contact to the 2nd field of the above on the principal 
surface of the above-mentioned semiconductor substrate. 

[Claim 76]Two or more 2nd fields that have the 2nd average defect density higher than 
the 1st average defect density of the above all over the 1st field that consists of a crystal 
which has the 1st average defect density arrange regularly at the 1st interval in the 1st 
direction, It is a manufacturing method of a semiconductor light emitting element which 
manufactured a semiconductor light emitting element by growing up a semiconductor 
layer which forms light emitting element structure on the principal surface of a 
semiconductor substrate regularly arranged at the 2nd interval smaller than the 1st 
interval of the above in the 1st direction of the above, and the 2nd direction that 
intersects perpendicularly, A manufacturing method of a semiconductor light emitting 
element characterized by keeping the above-mentioned semiconductor layer from 
carrying out direct contact to the 2nd field of the above on the principal surface of the 
above-mentioned semiconductor substrate. 

[Claim 77]Two or more 2nd fields where crystallinity is worse than this 1st field 



arrange regularly at the 1st interval in the 1st direction all over the 1st field that consists 
of crystals, It is a manufacturing method of a semiconductor light emitting element 
which manufactured a semiconductor light emitting element by growing up a 
semiconductor layer which forms light emitting element structure on the principal 
surface of a semiconductor substrate regularly arranged at the 2nd interval smaller than 
the 1st interval of the above in the 1st direction of the above, and the 2nd direction that 
intersects perpendicularly, A manufacturing method of a semiconductor light emitting 
element characterized by keeping the above-mentioned semiconductor layer from 
carrying out direct contact to the 2nd field of the above on the principal surface of the 
above-mentioned semiconductor substrate. 

[Claim 78]The 1st average dislocation density. By growing up a semiconductor layer by 
which two or more 2nd fields that extend in linear shape which has the 2nd average 
dislocation density higher than the 1st average dislocation density of the above all over 
the 1st field that consists of a crystal which it has form light emitting element structure 
on the principal surface of a semiconductor substrate arranged regularly mutually in 
parallel. A manufacturing method of a semiconductor light emitting element which is a 
manufacturing method of a semiconductor light emitting element which manufactured a 
semiconductor light emitting element, and is characterized by keeping the 
above-mentioned semiconductor layer from carrying out direct contact to the 2nd field 
of the above on the principal surface of the above-mentioned semiconductor substrate. 
[Claim 79]The 1st average defect density. By growing up a semiconductor layer by 
which two or more 2nd fields that extend in linear shape which has the 2nd average 
defect density higher than the 1st average defect density of the above all over the 1st 
field that consists of a crystal which it has form light emitting element structure on the 
principal surface of a semiconductor substrate arranged regularly mutually in parallel. A 
manufacturing method of a semiconductor light emitting element which is a 
manufacturing method of a semiconductor light emitting element which manufactured a 
semiconductor light emitting element, and is characterized by keeping the 
above-mentioned semiconductor layer from carrying out direct contact to the 2nd field 
of the above on the principal surface of the above-mentioned semiconductor substrate. 
[Claim 80]By growing up a semiconductor layer by which two or more 2nd fields 
where crystallinity extends in bad linear shape from this 1st field all over the 1st field 
that consists of crystals form light emitting element structure on the principal surface of 
a semiconductor substrate arranged regularly mutually in parallel. A manufacturing 
method of a semiconductor light emitting element which is a manufacturing method of a 
semiconductor light emitting element which manufactured a semiconductor light 



emitting element, and is characterized by keeping the above-mentioned semiconductor 
layer from carrying out direct contact to the 2nd field of the above on the principal 
surface of the above-mentioned semiconductor substrate. 

[Claim 81]Two or more 2nd fields that have the 2nd average dislocation density higher 
than the 1st average dislocation density of the above all over the 1st field that consists 
of a crystal which has the 1st average dislocation density arrange regularly at the 1st 
interval in the 1st direction, It is a manufacturing method of a semiconductor device 
which manufactured a semiconductor device by growing up a semiconductor layer 
which forms element structure on the principal surface of a semiconductor substrate 
regularly arranged at the 2nd interval smaller than the 1st interval of the above in the 1st 
direction of the above, and the 2nd direction that intersects perpendicularly, A 
manufacturing method of a semiconductor device characterized by keeping the 
above-mentioned semiconductor layer from carrying out direct contact to the 2nd field 
of the above on the principal surface of the above-mentioned semiconductor substrate. 
[Claim 82]Two or more 2nd fields that have the 2nd average defect density higher than 
the 1st average defect density of the above all over the 1st field that consists of a crystal 
which has the 1st average defect density arrange regularly at the 1st interval in the 1st 
direction, It is a manufacturing method of a semiconductor device which manufactured 
a semiconductor device by growing up a semiconductor layer which forms element 
structure on the principal surface of a semiconductor substrate regularly arranged at the 
2nd interval smaller than the 1st interval of the above in the 1st direction of the above, 
and the 2nd direction that intersects perpendicularly, A manufacturing method of a 
semiconductor device characterized by keeping the above-mentioned semiconductor 
layer from carrying out direct contact to the 2nd field of the above on the principal 
surface of the above-mentioned semiconductor substrate. 

[Claim 83]Two or more 2nd fields where crystallinity is worse than this 1st field 
arrange regularly at the 1st interval in the 1st direction all over the 1st field that consists 
of crystals, It is a manufacturing method of a semiconductor device which manufactured 
a semiconductor device by growing up a semiconductor layer which forms element 
structure on the principal surface of a semiconductor substrate regularly arranged at the 
2nd interval smaller than the 1st interval of the above in the 1st direction of the above, 
and the 2nd direction that intersects perpendicularly, A manufacturing method of a 
semiconductor device characterized by keeping the above-mentioned semiconductor 
layer from carrying out direct contact to the 2nd field of the above on the principal 
surface of the above-mentioned semiconductor substrate. 

[Claim 84]The 1st average dislocation density. By growing up a semiconductor layer by 



which two or more 2nd fields that extend in linear shape which has the 2nd average 
dislocation density higher than the 1st average dislocation density of the above all over 
the 1st field that consists of a crystal which it has form element structure on the 
principal surface of a semiconductor substrate arranged regularly mutually in parallel. A 
manufacturing method of a semiconductor device which is a manufacturing method of a 
semiconductor device which manufactured a semiconductor device, and is characterized 
by keeping the above-mentioned semiconductor layer from carrying out direct contact 
to the 2nd field of the above on the principal surface of the above-mentioned 
semiconductor substrate. 

[Claim 85]The 1st average defect density. By growing up a semiconductor layer by 
which two or more 2nd fields that extend in linear shape which has the 2nd average 
defect density higher than the 1st average defect density of the above all over the 1st 
field that consists of a crystal which it has form element structure on the principal 
surface of a semiconductor substrate arranged regularly mutually in parallel. A 
manufacturing method of a semiconductor device which is a manufacturing method of a 
semiconductor device which manufactured a semiconductor device, and is characterized 
by keeping the above-mentioned semiconductor layer from carrying out direct contact 
to the 2nd field of the above on the principal surface of the above-mentioned 
semiconductor substrate. 

[Claim 86]By growing up a semiconductor layer by which two or more 2nd fields 
where crystallinity extends in bad linear shape from this 1st field all over the 1st field 
that consists of crystals form element structure on the principal surface of a 
semiconductor substrate arranged regularly mutually in parallel. A manufacturing 
method of a semiconductor device which is a manufacturing method of a semiconductor 
device which manufactured a semiconductor device, and is characterized by keeping the 
above-mentioned semiconductor layer from carrying out direct contact to the 2nd field 
of the above on the principal surface of the above-mentioned semiconductor substrate. 
[Claim 87]Two or more 2nd fields that have the 2nd average dislocation density higher 
than the 1st average dislocation density of the above all over the 1st field that consists 
of a crystal which has the 1st average dislocation density arrange regularly at the 1st 
interval in the 1st direction, It is a manufacturing method of an element which 
manufactured an element by growing up a layer which forms element structure on the 
principal surface of a substrate regularly arranged at the 2nd interval smaller than the 1st 
interval of the above in the 1st direction of the above, and the 2nd direction that 
intersects perpendicularly, A manufacturing method of an element characterized by 
keeping the above-mentioned layer from carrying out direct contact to the 2nd field of 



the above on the principal surface of the above-mentioned substrate. 
[Claim 88]Two or more 2nd fields that have the 2nd average defect density higher than 
the 1st average defect density of the above all over the 1st field that consists of a crystal 
which has the 1st average defect density arrange regularly at the 1st interval in the 1st 
direction, It is a manufacturing method of an element which manufactured an element 
by growing up a layer which forms element structure on the principal surface of a 
substrate regularly arranged at the 2nd interval smaller than the 1st interval of the above 
in the 1st direction of the above, and the 2nd direction that intersects perpendicularly, A 
manufacturing method of an element characterized by keeping the above-mentioned 
layer from carrying out direct contact to the 2nd field of the above on the principal 
surface of the above-mentioned substrate. 

[Claim 89]Two or more 2nd fields where crystallinity is worse than this 1st field 
arrange regularly at the 1st interval in the 1st direction all over the 1st field that consists 
of crystals, It is a manufacturing method of an element which manufactured an element 
by growing up a layer which forms element structure on the principal surface of a 
substrate regularly arranged at the 2nd interval smaller than the 1st interval of the abov e 
in the 1st direction of the above, and the 2nd direction that intersects perpendicularly, A 
manufacturing method of an element characterized by keeping the above-mentioned 
layer from carrying out direct contact to the 2nd field of the above on the principal 
surface of the above-mentioned substrate. 

[Claim 90]By growing up a layer in which two or more 2nd fields that extend in linear 
shape which has the 2nd average dislocation density higher than the 1st average 
dislocation density of the above all over the 1st field that consists of a crystal which has 
the 1st average dislocation density form element structure on the principal surface of a 
substrate arranged regularly mutually in parallel. A manufacturing method of an 
element which is a manufacturing method of an element which manufactured an 
element and is characterized by keeping the above-mentioned layer from carrying out 
direct contact to the 2nd field of the above on the principal surface of the 
above-mentioned substrate. 

[Claim 91]By growing up a layer in which two or more 2nd fields that extend in linear 
shape which has the 2nd average defect density higher than the 1st average defect 
density of the above all over the 1st field that consists of a crystal which has the 1st 
average defect density form element structure on the principal surface of a substrate 
arranged regularly mutually in parallel. A manufacturing method of an element which is 
a manufacturing method of an element which manufactured an element and is 
characterized by keeping the above-mentioned layer from carrying out direct contact to 



the 2nd field of the above on the principal surface of the above-mentioned substrate. 
[Claim 92]It is a manufacturing method of an element which manufactured an element 
by growing up a layer in which two or more 2nd fields where crystallinity extends in 
bad linear shape from this 1st field all over the 1st field that consists of crystals form 
element structure on the principal surface of a substrate arranged regularly mutually in 
parallel, A manufacturing method of an element characterized by keeping the 
above-mentioned layer from carrying out direct contact to the 2nd field of the above on 
the principal surface of the above-mentioned substrate. 

[Claim 93]The 1st average dislocation density. All over the 1st field that consists of a 
crystal which it has. It is a growing method of a nitride system 
group-III-V-semiconducter layer it was made to grow up a nitride system 
group-III-V-semiconducter layer on the principal surface of a nitride system 
group-III-V-semiconducter board which has the 2nd field that has the 2nd average 
dislocation density higher than the 1st average dislocation density of the above, A 
growing method of a nitride system group-III-V-semiconducter layer characterized by 
keeping the above-mentioned nitride system group-III-V-semiconducter layer from 
carrying out direct contact to the 2nd field of the above on the principal surface of the 
above-mentioned nitride system group-III-V-semiconducter board. 
[Claim 94]The 1st average defect density. All over the 1st field that consists of a crystal 
which it has. It is a growing method of a nitride system group-III-V-semiconducter 
layer it was made to grow up a nitride system group-III-V-semiconducter layer on the 
principal surface of a nitride system group-III-V-semiconducter board which has the 
2nd field that has the 2nd average defect density higher than the 1st average defect 
density of the above, A growing method of a nitride system group-III-V-semiconducter 
layer characterized by keeping the above-mentioned nitride system 
group-III-V-semiconducter layer from carrying out direct contact to the 2nd field of the 
above on the principal surface of the above-mentioned nitride system 
group-III-V-semiconducter board. 

[Claim 95]It is a growing method of a nitride system group-III-V-semiconducter layer it 
was made to grow up a nitride system group-III-V-semiconducter layer from this 1st 
field all over the 1st field that consists of crystals on the principal surface of a nitride 
system group-III-V-semiconducter board with which crystallinity has the 2nd bad field, 
A growing method of a nitride system group-III-V-semiconducter layer characterized by 
keeping the above-mentioned nitride system group-III-V-semiconducter layer from 
carrying out direct contact to the 2nd field of the above on the principal surface of the 
above-mentioned nitride system group-III-V-semiconducter board. 



[Claim 96]It is a growing method of a semiconductor layer it was made to grow up a 
semiconductor layer on the principal surface of a semiconductor substrate which has the 
2nd field that has the 2nd average dislocation density higher than the 1st average 
dislocation density of the above all over the 1st field that consists of a crystal which has 
the 1st average dislocation density, A growing method of a semiconductor layer 
characterized by keeping the above-mentioned semiconductor layer from carrying out 
direct contact to the 2nd field of the above on the principal surface of the 
above-mentioned semiconductor substrate. 

[Claim 97]It is a growing method of a semiconductor layer it was made to grow up a 
semiconductor layer on the principal surface of a semiconductor substrate which has the 
2nd field that has the 2nd average defect density higher than the 1 st average defect 
density of the above all over the 1st field that consists of a crystal which has the 1st 
average defect density, A growing method of a semiconductor layer characterized by 
keeping the above-mentioned semiconductor layer from earn ing out direct contact to 
the 2nd field of the above on the principal surface of the above-mentioned 
semiconductor substrate. 

[Claim 98]It is a growing method of a semiconductor layer it was made to grow up a 
semiconductor layer from this 1st field on the principal surface of a substrate with 
which crystallinity has the 2nd bad field all over the 1st field that consists of crystals, A 
growing method of a semiconductor layer characterized by keeping the 
above-mentioned semiconductor layer from carrying out direct contact to the 2nd field 
of the above on the principal surface of the above-mentioned semiconductor substrate. 
[Claim 99]It is a growing method of a layer it was made to grow up a layer on the 
principal surface of a substrate which has the 2nd field that has the 2nd average 
dislocation density higher than the 1st average dislocation density of the above all over 
the 1st field that consists of a crystal which has the 1st average dislocation density, A 
growing method of a layer characterized by keeping the above-mentioned layer from 
carrying out direct contact to the 2nd field of the above on the principal surface of the 
above-mentioned substrate. 

[Claim 100]It is a growing method of a layer it was made to grow up a layer on the 
principal surface of a substrate which has the 2nd field that has the 2nd average defect 
density higher than the 1st average defect density of the above all over the 1st field that 
consists of a crystal which has the 1st average defect density, A growing method of a 
layer characterized by keeping the above-mentioned layer from carrying out direct 
contact to the 2nd field of the above on the principal surface of the above-mentioned 
substrate. 



[Claim 101]A growing method of a layer characterized by crystallinity's being a 
growing method of a layer it was made to grow up a layer on the principal surface of a 
substrate which has the 2nd bad field, and keeping the above-mentioned layer from 
carrying out direct contact to the 2nd field of the above on the principal surface of the 
above-mentioned substrate from this 1st field all over the 1st field that consists of 
crystals. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention A manufacturing method of a semiconductor 
light emitting element, a manufacturing method of a semiconductor device, a 
manufacturing method of an element, It applies to manufacture of the semiconductor 
laser using a nitride system group III-V semiconducter, a light emitting diode, or an 
electronic run element, concerning the growing method of a nitride system 
group-III-V-semiconducter layer, the growing method of a semiconductor layer, and the 
growing method of a layer, and is suitable. 
[0002] 

[Description of the Prior Art]Nitride system groups III-V semiconducter, such as GaN, 
AlGaN, GalnN, and AlGalnN, It has the feature that band gap E g is large and is a 
semiconductor material of direct transition compared with an AlGalnAs system group 



III-V semiconducter or an AlGalnP system group III-V semiconducter. For this reason, 
these nitride system groups III-V semiconducter, It is observed as a material which 
constitutes semiconductor light emitting elements, such as a semiconductor laser which 
can emit light for the light of short wavelength which hits green from ultraviolet rays, 
and a light emitting diode (LED) which can cover the wide luminous wavelength range 
that it is white to red, from ultraviolet rays. 

The high density optical disk, a full color display, environment, a medical field, etc. are 
widely considered in application. 

[0003]These nitride system groups III-V semiconducter, For example, the saturation 
velocity in the high electric field of GaN is large, for example, a thing [ the high 
temperature operation up to about 400 ** ], And it has the feature of crystal growth 
being able to perform formation of a semiconductor layer and an insulating layer 
continuously by using A1N for the material of the insulating layer in MIS 
(Metal-Insulator-Semiconductor) structure, for example. For this reason, these nitride 
system groups III-V semiconducter are expected also as a material which constitutes the 
high-output high frequency electronic device in which high temperature operation is 
possible. 

[0004]In addition, the following things are mentioned as a nitride system group's III-V 
semiconducter strong point. 

(1) Thermal conductivity is higher than a GaAs system semiconductor etc., and is for 
[ an elevated temperature and high output operation ] elements. 

(2) Material is chemically stable, and hardness's is expensive, and it is easy to acquire 
high reliability. 

(3) It is a compound semiconductor material with small load to environment. That is, an 
AlGalnN system semiconductor does not contain the environmental pollutant or poison 
with great influence to environment in a component or a raw material. Specifically, the 
material equivalent to the arsenic (As) in an AlGaAs system semiconductor, cadmium 
(Cd) in a ZnCdSSe system semiconductor, etc., its raw material (arsine (AsH 3 )), etc. are 
not used. 

[0005]However, in the element using a nitride system group III-V semiconducter, there 
was a problem that there was no suitable substrate material to acquire high reliability, 
conventionally. In order to obtain a quality crystal especially as a nitride system group's 
III-V semiconducter substrate material, there are the following problems and situations. 
(1) GaN of a component, AlGaN, and GalnN are the total-distortion systems from 
which a grating constant differs. Therefore, the range from which the range and the 



good crystal film which do not produce a crack etc. between nitride system groups III-V 
semiconducter and a substrate are obtained has design restrictions, such as stopping a 
presentation, thickness, etc. 

(2) The quality board which carries out lattice matching to GaN has not been developed 
yet. As there are a quality GaAs substrate which carries out lattice matching to a GaAs 
system semiconductor or a GalnP system semiconductor, and a quality InP substrate 
which carries out lattice matching to a GalnAs system semiconductor, For example, a 
quality GaN board is a developmental stage, since the comparatively small SiC 
substrate of lattice constant difference is expensive, large-caliber-izing is also difficult, 
it pulls to a crystal film and distortion occurs, there is a problem of being easy to 
generate a crack, and in addition to these, there is no substrate which carries out lattice 
matching to GaN. 

(3) In the ammonia atmosphere of the high crystal growth temperature of about 1000 **, 
and V group material, the necessary condition of a nitride system group's III-V 
semiconducter substrate material may deteriorate, and it may not be corroded. 

1 0006 1 For the above reasons, silicon on sapphire is used by synthetic judgment as a 
nitride system group's III-V semiconducter substrate in many cases. Silicon on sapphire 
is stable at a nitride system group's III-V semiconducter crystal growth temperature, and 
although there is an advantage to which quality 2 or 3-inch board is supplied stably, on 
the other hand, lattice mismatching with GaN is large (about 13%). For this reason, the 
buffer layer which consists of GaN or A1N with low-temperature growth is formed on 
silicon on sapphire, and the nitride system group III-V semiconducter is grown up on it. 
According to this, it is possible to grow up the nitride system group III-V semiconducter 
of a single crystal, but. It was difficult for the defect density to also have 10 8 - 10 9 
(cm" 2 ) grade reflecting lattice mismatching, for example, to acquire prolonged reliability 
in a semiconductor laser. 

[0007] Since there is no (1) cleavability in silicon on sapphire in addition to this, stable 
formation of a laser end with high mirror plane nature Difficult} 7 . (2) Since sapphire is 
insulation, when indispensable and (3) crystal growth films have thick extraction of p 
lateral electrode and n lateral electrode, from the substrate upper surface according to 
the difference of the coefficient of thermal expansion of a nitride system group III-V 
semiconducter and sapphire. The curvature of the substrate in a room temperature is 
large, and there are problems, such as interfering with an element formation process. 
[0008]In the purpose of the quality improvement of a semiconducting crystal grown up 
on the substrate with which grating constants differ like silicon on sapphire, there is a 
method of using transverse direction selective growth (Epitaxial Lateral Overgrowth; 



ELO). Although a high crystal quality field (transverse direction growing region), low 
crystal quality, or high defect density fields (a seed crystal top, the boundary, a meeting 
part, etc.) appear periodically in ELO, When the size of the active region (for example, 
field in which an electron runs with a luminous region and an electronic run element by 
a light emitting device) of an element is not large, the cycle of ELO, It can take more 
greatly than the emitter region / collector region (or source region/drain area) interval of 
the stripe of a semiconductor laser, or a transistor. For example, it is possible to design 
an active region in a quality field to the cycle of 10-20 micrometers of ELO, since the 
size of the active region of an element is about several micrometers. 
[0009]When an element was formed on silicon on sapphire using ELO, there were the 
following problems, for example besides the problem resulting from the character of 
sapphire itself [, such as badness of above-mentioned cleav ability, ]. 

(1) The yield falls according to there being many routing counters required for ELO. 

(2) The big curvature by heat stress occurs in a substrate, and only a part required for 
ELO reduces the controllability of a crystal growth process or a wafer process, when 
crystal film thickness increases. 

(3) There is restriction of element size. In elements which are larger than an ELO cycle, 
for example, have an active region more than hundreds of micrometer angle, such as 
LED, a photodetector (PD), an integrated device, since all the element regions cannot be 
made into a high crystal quality field, the effect of ELO cannot be demonstrated. 

1 00 10 1 Many above problems can be solved if a quality GaN board is obtained, but in an 
old trial, it was quality and the GaN board of the large caliber was not obtained. GaN 
cannot perform single crystal growth stably for the reasons of a stake etc. for generally 
obtaining the good seed crystal by elevated-temperature (high voltage) growth also by 
HVPE (halide vapor phase epitaxy), but manufacture of a quality board depends this on 
a difficult thing. 

[0011]The manufacturing method of the single crystal GaN substrate aiming at aiming 
at an improvement of this problem is proposed by JP,2001-102307,A. According to this, 
a three-dimensional facet (it calls the following "core") is formed in part after forming 
the GaN species substrate of high defect density, crystal dislocation is centralized on 
this core part by continuing growth on the conditions which do not close a facet, and the 
field large as a result is manufacturing the quality substrate. 
[0012] 

[Problem(s) to be Solved by the Invention] However, the art indicated by 
JP,2001-102307,A, Since it is what decreases the penetration dislocation of other fields 
by centralizing especially penetration dislocation on a field with a growth phase, In the 



obtained single crystal GaN substrate, the field (core) of low defect density and the field 
of high defect density are intermingled, and the position which the field of high defect 
density moreover generates cannot be controlled, but is generated at random. For this 
reason, when a nitride system group-III-V-semiconducter layer was grown up on this 
single crystal GaN substrate and a semiconductor device, for example, a semiconductor 
laser, was manufactured, it could not avoid that the field of high defect density will be 
formed in a luminous region, but the fall of the luminescent characteristic of a 
semiconductor laser or reliability was caused. 

[00 13] Therefore, this Object of the Invention has the good characteristics, such as a 
luminescent characteristic, and there are in providing the manufacturing method of the 
semiconductor light emitting element which can manufacture easily a reliable long 
lasting semiconductor light emitting element and such a semiconductor light emitting 
element. 

[0014]More generally, this Object of the Invention has the good characteristic, and there 
is in providing the manufacturing method of the semiconductor device which can 
manufacture easily a reliable long lasting semiconductor device and such a 
semiconductor device. 

[0015]Still more generally, this Object of the Invention has the good characteristic, and 
there is in providing the manufacturing method of the element which can manufacture 
easily reliable various kinds of long lasting elements and such elements. 
[0016]This Object of the Invention, The long lasting semiconductor device or 
characteristic that the long lasting semiconductor light emitting element or 
characteristics that the characteristic is good and it is reliable, such as a luminescent 
characteristic, are good, and it is reliable uses for good and reliable manufacture of 
various kinds of long lasting elements, and A growing method of a suitable nitride 
system group-III-V-semiconducter layer, It is in providing the growing method of a 
semiconductor layer, and the growing method of a layer. 
[0017] 

[Means for Solving the Problem]this invention person inquired wholeheartedly, in order 
to solve an aforementioned problem. It is as follows when the outline is explained. 
[0018]this invention person succeeded in controlling a position of a high defect density 
field generated all over a low defect density field, as a result of repeating improvement 
of art indicated by JP,2001-102307,A. Namely, into crystal growth, make a high defect 
density field condense automatically, and it is not formed, Artificially, on a substrate 
with a suitable GaAs substrate etc., it is circular and a seed crystal etc. are formed 
regularly, for example, periodically, for example, and by performing crystal growth on 



it, a formation position of a high defect density field can be controlled, and it becomes 
possible to extend an improvement of crystal quality and a good crystalline region. In 
this case, an arrangement pattern of a high defect density field is freely changeable by 
arrangement of a seed crystal etc. 

[0019]In a seed crystal etc., although formed, for example with materials other than 
nitride system groups III-V semiconducter other than GaN of polycrystal, and 
amorphous (amorphous) or a single crystal, and GaN(s), such as AlGalnN, and a nitride 
system group III-V semiconducter, here, As long as it is the structure used as a core 
(core) which specifies a crystal defect concentration position, it may be what kind of 
structure. 

[0020]Using such a substrate, semiconductor light emitting elements, such as a 
semiconductor laser, and when manufacturing a semiconductor device more generally, a 
high defect density field which exists in a substrate needs to eliminate an adverse effect 
which it has on an element. That is, if a semiconductor layer is grown up on a substrate, 
in order for a defect to spread from a high defect density field of a substratum substrate 
to this semiconductor layer, it is necessary to prevent degradation of the characteristic of 
an element, a fall of reliability, etc. resulting from this defect. 

[0021]It happens, also when this problem is homogeneous as a semiconductor used for 
an element, and it is difficult to obtain a substrate of low defect density, and growing up 
a semiconductor layer on it using a substrate of the same structure as the above. It 
happens, also when it is more generally homogeneous as material used for an element, 
and it difficult to obtain a substrate of low defect density, and growing up a layer on it 
using a substrate of the same structure as the above. As a result of examining many 
things, this invention person finds out the effective technique of the ability to solve the 
above-mentioned technical problem, and used to come to think out this invention. 
[0022]Namely, in order to solve an aforementioned problem, an invention of the 1st of 
this invention, The 1st average dislocation density. A nitride system 
group-III-V-semiconducter layer in which two or more 2nd fields that have the 2nd 
average dislocation density higher than the 1st average dislocation density all over the 
1st field that consists of a crystal which it has form light emitting element structure on 
the principal surface of a nitride system group-III-V-semiconducter board arranged 
regularly. It is a manufacturing method of a semiconductor light emitting element which 
manufactured a semiconductor light emitting element, and a nitride system 
group-III-V-semiconducter layer was kept from carrying out direct contact to the 2nd 
field on the principal surface of a nitride system group-III-V-semiconducter board by 
making it grow up. 



[0023]In order for a nitride system group-III-V-semiconducter layer not to carry out 
direct contact to the 2nd field on the principal surface of a nitride system 
group-III-V-semiconducter board, Before growing up a nitride system 
group-III-V-semiconducter layer, specifically, the 2nd field is removed from the 
principal surface of a nitride system group-III-V-semiconducter board in part at least, 
for example. Before growing up a nitride system group-III-V-semiconducter layer, more 
specifically, the 2nd field is removed by predetermined Mr. Fukashi from the principal 
surface of the above-mentioned nitride system group-III-V-semiconducter board. 
Although the predetermined depth is suitably chosen according to composition of an 
element constituted by a nitride system group-III-V-semiconducter layer, a growing 
condition of a nitride system group-III-V-semiconducter layer, etc., here, Generally, 1 
micrometers or more are made beyond a thickness grade (for example, not less than 10 
micrometers) of an element suitably constituted using a nitride system 
group-III-V-semiconducter layer. Before growing up a nitride system 
group-III-V-semiconducter layer, the 2nd field may all be removed. Etching performs 
removal of the 2nd field typically and. specifically, wet etching, dry etching, 
thermochemistry etching, ion milling, etc. perform. 

[0024]In order for a nitride system group-III-V-semiconducter layer not to carry out 
direct contact to the 2nd field on the principal surface of a nitride system 
group-III-V-semiconducter board, before growing up a nitride system 
group-III-V-semiconducter layer, the surface of the 2nd field may be covered by an 
enveloping layer. As this enveloping layer, as long as growing temperature can be borne, 
can use various kinds of things, and specifically. High-melting point metal membranes, 
those nitrides, etc., such as tungsten (W), molybdenum (Mo), tantalum (Ta), etc. besides 
insulator layers, such as a Si0 2 film, an Si x N y film, and an SOG (Spin on Glass) film, 
can be used. In this case, although it is also good to form an enveloping layer on the 2nd 
field, when the 2nd field is removed from the principal surface of a nitride system 
group-III-V-semiconducter board to the predetermined depth, a portion from which this 
2nd field was removed may be made to be buried by enveloping layer. In the case of the 
former, although the surface of an enveloping layer is in a position higher than the 
principal surface of a nitride system group-III-V-semiconducter board, when it is the 
latter, the surface of an enveloping layer can be coincided with the principal surface of a 
nitride system group-III-V-semiconducter board by using the technique of etchback etc. 
[0025] Although an interval of the 2nd two field or an array cycle of the 2nd field which 
adjoins mutually is chosen according to a size of an element, etc., it is generally not less 
than 20 micrometers, not less than 50 micrometers, or not less than 100 micrometers. 



Although what has a not necessarily clear interval of this 2nd field or a maximum of an 
array cycle of the 2nd field does not exist, generally it is about 1000 micrometers. This 
2nd field has penetrated a nitride system group-III-V-semiconducter board typically. 
This 2nd field has unfixed multiple pillar-like shape typically. Between the 1st field and 
the 2nd field, it is higher than the 1st average dislocation density, And the 3rd field that 
has the 3rd average dislocation density lower than the 2nd average dislocation density 
exists as a transition region in many cases, In this case, although it is good to keep a 
nitride system group-III-V-semiconducter layer also from carrying out direct contact to 
the 2nd field on the principal surface of a nitride system group-III-V-semiconducter 
board, most suitably, A nitride system group-III-V-semiconducter layer is kept from 
carrying out direct contact to these 2nd field and 3rd field on the principal surface of a 
nitride system group-III-V-semiconducter board. In the case of the latter, before 
growing up a nitride system group-III-V-semiconducter layer, specifically, the 2nd field 
and 3rd field are removed from the principal surface of a nitride system 
group-III-V-semiconducter board in part at least, for example. 

|0026|Not less than 10 micrometers 100 micrometers or less of diameters of the 2nd 
field are not less than 20 micrometers 50 micrometers or less more typically. When the 
3rd field exists, typically, the diameter is larger than not less than 20 micrometers 200 
micrometers or less, more typically large not less than 40 micrometers 160 micrometers 
or less, and most typically larger than a diameter of the 2nd field not less than 60 
micrometers 140 micrometers or less. 

[0027]Average dislocation density of the 2nd field is generally 5 or more times of 
dislocation density of the 1st field. Typically, average dislocation density of the 2nd 
field of average dislocation density of the 1st field is [ below 2x10 6 cm" 2 ] more than 
1x10 8 cm" 2 . When the 3rd field exists, the average dislocation density is lower than 
1x10 8 cm" 2 , and typically larger than 2x10 W 2 

[0028] 1 micrometers or more of luminous regions [ not less than 10 micrometers of / 
not less than 100 micrometers of ] of a semiconductor light emitting element are more 
suitably separated from the 2nd field, in order to prevent an adverse effect by the 2nd 
field where average dislocation density is high. When the 3rd field exists, a luminous 
region of a semiconductor light emitting element is kept from including the 2nd field 
and 3rd field most suitably. Although semiconductor light emitting elements are a 
semiconductor laser and a light emitting diode, when it is the former semiconductor 
laser, more specifically, 1 micrometers or more of fields [ not less than 10 micrometers 
of / not less than 100 micrometers of ] where driving current is sent via a stripe like 
electrode are more suitably separated from the 2nd field still more suitably. When the 



3rd field exists, a field where driving current is sent via a stripe like electrode is kept 
from including the 2nd field and 3rd field most suitably. One or more number of stripe 
like electrodes, i.e., a laser stripe, may be formed, and can also choose the width if 
needed. 

[0029]A nitride system group-III-V-semiconducter board or a nitride system 
group-III-V-semiconducter layer, Most generally aluminumxB y Gai. x . y . z In z As u Ni.u-vPv It 
consists of (0<=x<=l, 0<=y<=l, 0<=z<=l, 0<=u<=l, 0<=v<=l, 0<=x+y+z<l, 
0<=u+v<l), [ however, ] More specifically aluminumxB y Gai-x-y-zIn z N. It consists of 
(0<=x<=l, 0<=y<=l, 0<=z<=l, 0<=x+y+z<l), and consists of aluminum x Gai. x . z In z N 
(however, 0<=x<=l, 0<=z<=l) typically. [ however, ] A nitride system 
group-III-V-semiconducter board consists of GaN(s) most typically. More than which 
was described in relation to an invention of the 1st of this invention is materialized also 
about the following inventions, unless it is contrary to that character. 
1 0030] An invention of the 2nd of this invention. The 1st average defect density. A 
nitride system group-III-V-semiconducter layer in which two or more 2nd fields that 
have the 2nd average defect density higher than the 1st average defect density all over 
the 1st field that consists of a crystal which it has form light emitting element structure 
on the principal surface of a nitride system group-III-V-semiconducter board arranged 
regularly. It is a manufacturing method of a semiconductor light emitting element which 
manufactured a semiconductor light emitting element, and a nitride system 
group-III-V-semiconducter layer was kept from carrying out direct contact to the 2nd 
field on the principal surface of a nitride system group-III-V-semiconducter board by 
making it grow up. 

[0031]here, "average defect density" means mean density of the whole lattice defect 
which has an adverse effect on the characteristic, reliability, etc. of an element, and all 
things, such as a rearrangement, a stacking fault, and a point defect, are contained in a 
defect (the following ~ the same). 

[0032]An invention of the 3rd of this invention, By growing up a nitride system 
group-III-V-semiconducter layer which forms light emitting element structure on the 
principal surface of a nitride system group-III-V-semiconducter board which two or 
more 2nd fields where crystallinity is worse than this 1st field have arranged regularly 
all over the 1st field that consists of crystals. It is a manufacturing method of a 
semiconductor light emitting element which manufactured a semiconductor light 
emitting element, and a nitride system group-III-V-semiconducter layer was kept from 
carrying out direct contact to the 2nd field on the principal surface of a nitride system 
group-III-V-semiconducter board. 



[0033]here, typically, the 1st field that consists of crystals is a single crystal, and, as for 
the 2nd field where crystallinity is worse than this 1st field, amorphous or 2 a single 
crystal, polycrystal, or or more [ these ] are intermingled (the following ~ the same). 
This corresponds with a case where the 2nd average dislocation density or average 
defect density of a field is higher than the 1st average dislocation density or average 
defect density of a field. 

[0034]An invention of the 4th of this invention, The 1st average dislocation density. A 
nitride system group-III-V-semiconducter layer in which two or more 2nd fields that 
have the 2nd average dislocation density higher than the 1st average dislocation density 
all over the 1st field that consists of a crystal which it has form element structure on the 
principal surface of a nitride system group-III-V-semiconducter board arranged 
regularly. It is a manufacturing method of a semiconductor device which manufactured 
a semiconductor device, and a nitride system group-III-V-semiconducter layer was kept 
from carrying out direct contact to the 2nd field on the principal surface of a nitride 
system group-III-V-semiconducter board by making it grow up. 

1 0035] An invention of the 5th of this invention, The 1st average defect density. A 
nitride system group-III-V-semiconducter layer in which two or more 2nd fields that 
have the 2nd average defect density higher than the 1st average defect density all over 
the 1st field that consists of a crystal which it has form element structure on the 
principal surface of a nitride system group-III-V-semiconducter board arranged 
regularly. It is a manufacturing method of a semiconductor device which manufactured 
a semiconductor device, and a nitride system group-III-V-semiconducter layer was kept 
from carrying out direct contact to the 2nd field on the principal surface of a nitride 
system group-III-V-semiconducter board by making it grow up. 

[0036]An invention of the 6th of this invention, By growing up a nitride system 
group-III-V-semiconducter layer which forms element structure on the pnncipal surface 
of a nitride system group-III-V-semiconducter board which two or more 2nd fields 
where crystallinity is worse than this 1st field have arranged regularly all over the 1st 
field that consists of crystals. It is a manufacturing method of a semiconductor device 
which manufactured a semiconductor device, and a nitride system 
group-III-V-semiconducter layer was kept from carrying out direct contact to the 2nd 
field on the principal surface of a nitride system group-III-V-semiconducter board. 
[003 7] In the 4th of this invention - the 6th invention, to a semiconductor device, a photo 
detector and an electronic run element still like field effect transistors (FET), such as a 
high-electron mobility transistor, or a heterojunction bipolar transistor (HBT) besides a 
light emitting device like a light emitting diode or a semiconductor laser is contained 



(the following ~ the same). 

[003 8] In the 4th of this invention - the 6th invention, 1 micrometers or more of active 
regions [ not less than 10 micrometers of / not less than 100 micrometers of ] of a 
semiconductor device are more suitably separated from the 2nd field still more suitably, 
in order to prevent an adverse effect by the 2nd field where average dislocation density 
is high. When the 3rd field exists, an active region of a semiconductor device is kept 
from including the 2nd field and 3rd field most suitably, here, an active region means a 
luminous region and a field an electron runs in a light-receiving field and an electronic 
run element in a semiconductor photo detector in a semiconductor light emitting 
element (the following ~ the same). 

[0039]An invention of the 7th of this invention, By growing up a semiconductor layer 
by which two or more 2nd fields that have the 2nd average dislocation density higher 
than the 1st average dislocation density all over the 1st field that consists of a crystal 
which has the 1st average dislocation density form light emitting element structure on 
the principal surface of a semiconductor substrate arranged regularly. It is a 
manufacturing method of a semiconductor light emitting element which manufactured a 
semiconductor light emitting element, and a semiconductor layer was kept from 
carrying out direct contact to the 2nd field on the principal surface of a semiconductor 
substrate. 

1 0040 1 An invention of the 8th of this invention, By growing up a semiconductor layer 
by which two or more 2nd fields that have the 2nd average defect density higher than 
the 1st average defect density all over the 1st field that consists of a crystal which has 
the 1st average defect density form light emitting element structure on the principal 
surface of a semiconductor substrate arranged regularly. It is a manufacturing method of 
a semiconductor light emitting element which manufactured a semiconductor light 
emitting element, and a semiconductor layer was kept from carrying out direct contact 
to the 2nd field on the principal surface of a semiconductor substrate. 
[0041] An invention of the 9th of this invention, It is a manufacturing method of a 
semiconductor light emitting element which manufactured a semiconductor light 
emitting element by growing up a semiconductor layer which forms light emitting 
element structure on the principal surface of a semiconductor substrate which two or 
more 2nd fields where crystallinity is worse than this 1st field have arranged regularly 
all over the 1st field that consists of crystals, A semiconductor layer was kept from 
carrying out direct contact to the 2nd field on the principal surface of a semiconductor 
substrate. 

[0042]An invention of the 10th of this invention, By growing up a semiconductor layer 



by which two or more 2nd fields that have the 2nd average dislocation density higher 
than the 1st average dislocation density all over the 1st field that consists of a crystal 
which has the 1st average dislocation density form element structure on the principal 
surface of a semiconductor substrate arranged regularly. It is a manufacturing method of 
a semiconductor device which manufactured a semiconductor device, and a 
semiconductor layer was kept from carrying out direct contact to the 2nd field on the 
principal surface of a semiconductor substrate. 

[0043]An invention of the 1 1th of this invention, By growing up a semiconductor layer 
by which two or more 2nd fields that have the 2nd average defect density higher than 
the 1st average defect density all oxer the 1st field that consists of a crystal which has 
the 1st average defect density form element structure on the principal surface of a 
semiconductor substrate arranged regularly. It is a manufacturing method of a 
semiconductor device which manufactured a semiconductor device, and a 
semiconductor layer was kept from carrying out direct contact to the 2nd field on the 
principal surface of a semiconductor substrate. 

[0044] An invention of the 12th of this invention. It is a manufacturing method of a 
semiconductor device which manufactured a semiconductor device by growing up a 
semiconductor layer which forms element structure on the principal surface of a 
semiconductor substrate which two or more 2nd fields where crystallinity is worse than 
this 1st field have arranged regularly all over the 1st field that consists of crystals, A 
semiconductor layer was kept from carrying out direct contact to the 2nd field on the 
principal surface of a semiconductor substrate. 

1 0045 1 In the 10th of this invention - the 12th invention, material of a semiconductor 
substrate or a semiconductor layer, Wurtzite type (wurtzit) structure besides a nitride 
system group III-V semiconducter, It may be other semiconductors which more 
generally have a crystal structure of a hexagonal system, for example, ZnO, alpha-ZnS, 
alpha-CdS, alpha-CdSe, etc., and they may be various kinds of semiconductors which 
have a crystal structure of further others. 

[0046]An invention of the 13th of this invention. By growing up a layer in which two or 
more 2nd fields that have the 2nd average dislocation density higher than the 1st 
average dislocation density all over the 1st field that consists of a crystal which has the 
1st average dislocation density form element structure on the principal surface of a 
substrate arranged regularly. It is a manufacturing method of an element which 
manufactured an element, and a layer was kept from carrying out direct contact to the 
2nd field on the principal surface of a substrate. 

[0047]An invention of the 14th of this invention, By growing up a layer in which two or 



more 2nd fields that have the 2nd average defect density higher than the 1st average 
defect density all over the 1st field that consists of a crystal which has the 1st average 
defect density form element structure on the principal surface of a substrate arranged 
regularly. It is a manufacturing method of an element which manufactured an element, 
and a layer was kept from carrying out direct contact to the 2nd field on the principal 
surface of a substrate. 

[0048] An invention of the 15th of this invention is a manufacturing method of an 
element which manufactured an element by growing up a layer which forms element 
structure on the principal surface of a substrate which two or more 2nd fields where 
crystallinity is worse than this 1st field have arranged regularly all over the 1st field that 
consists of crystals, A layer was kept from carrying out direct contact to the 2nd field on 
the principal surface of a substrate. 

[0049] In the 13th of this invention - the 15th invention, an element is a piezoelectric 
element, a pyroelectric element, optical elements (the second harmonic generation 
element using a nonlinear optical crystal, etc.). a dielectric element (a ferroelectric 
element is included), a superconducting element, etc. besides semiconductor devices (a 
light emitting device, a photo detector, an electronic run element, etc.). In this case, by a 
semiconductor device, various kinds of above semiconductors can be used for material 
of a substrate or a layer, and various kinds of materials, such as an oxide, can be used 
for it by piezoelectric element, pyroelectric element, optical element, dielectric element, 
and a superconducting element. About an oxide material. For example, Journal of the 
Society. There are many things, such as what was indicated by of Japan Vol.103, 
No. ll(1995)pp. 1099-1 111, and Materials Science and Engineering B41 (1996) 166-173. 
[0050]Two or more 2nd fields that have the 2nd average dislocation density higher than 
the 1st average dislocation density all over the 1st field that consists of a crystal which 
has the 1st average dislocation density arrange an invention of the 16th of this invention 
regularly at the 1st interval in the 1st direction, By growing up a nitride system 
group-III-V-semiconducter layer which forms light emitting element structure on the 
principal surface of a nitride system group-III-V-semiconducter board regularly 
arranged at the 2nd interval smaller than the 1st interval in the 1st direction and the 2nd 
direction that intersects perpendicularly. It is a manufacturing method of a 
semiconductor light emitting element which manufactured a semiconductor light 
emitting element, and a nitride system group-III-V-semiconducter layer was kept from 
carrying out direct contact to the 2nd field on the principal surface of a nitride system 
group-III-V-semiconducter board. 

[0051] Two or more 2nd fields that have the 2nd average defect density higher than the 



1st average defect density all over the 1st field that consists of a crystal which has the 
1st average defect density arrange an invention of the 17th of this invention regularly at 
the 1st interval in the 1st direction, By growing up a nitride system 
group-III-V-semiconducter layer which forms light emitting element structure on the 
principal surface of a nitride system group-III-V-semiconducter board regularly 
arranged at the 2nd interval smaller than the 1st interval in the 1st direction and the 2nd 
direction that intersects perpendicularly. It is a manufacturing method of a 
semiconductor light emitting element which manufactured a semiconductor light 
emitting element, and a nitride system group-III-V-semiconducter layer was kept from 
carrying out direct contact to the 2nd field on the principal surface of a nitride system 
group-III-V-semiconducter board. 

[0052]Two or more 2nd fields where crystallinity is worse than this 1st field arrange an 
invention of the 18th of this invention regularly at the 1st interval in the 1st direction all 
over the 1st field that consists of crystals, By growing up a nitride system 
group-III-V-semiconducter layer which forms light emitting element structure on the 
principal surface of a nitride system group-III-V-semiconducter board regularly 
arranged at the 2nd interval smaller than the 1st interval in the 1st direction and the 2nd 
direction that intersects perpendicularly. It is a manufacturing method of a 
semiconductor light emitting element which manufactured a semiconductor light 
emitting element, and a nitride system group-III-V-semiconducter layer was kept from 
carrying out direct contact to the 2nd field on the principal surface of a nitride system 
group-III-V-semiconducter board. 

[0053]An invention of the 19th of this invention, The 1st average dislocation density. 
Two or more 2nd fields that extend in linear shape which has the 2nd average 
dislocation density higher than the 1st average dislocation density all over the 1st field 
that consists of a crystal which it has on the principal surface of a nitride system 
group-III-V-semiconducter board arranged regularly mutually in parallel light emitting 
element structure. It is a manufacturing method of a semiconductor light emitting 
element which manufactured a semiconductor light emitting element by growing up a 
nitride system group-III-V-semiconducter layer to form, A nitride system 
group-III-V-semiconducter layer was kept from earn ing out direct contact to the 2nd 
field on the principal surface of a nitride system group-III-V-semiconducter board. 
[0054]An invention of the 20th of this invention, The 1st average defect density. Two or 
more 2nd fields that extend in linear shape which has the 2nd average defect density 
higher than the 1st average defect density all over the 1st field that consists of a crystal 
which it has on the principal surface of a nitride system group-III-V-semiconducter 



board arranged regularly mutually in parallel light emitting element structure. It is a 
manufacturing method of a semiconductor light emitting element which manufactured a 
semiconductor light emitting element by growing up a nitride system 
group-III-V-semiconducter layer to form, A nitride system group-III-V-semiconducter 
layer was kept from carrying out direct contact to the 2nd field on the principal surface 
of a nitride system group-III-V-semiconducter board. 

[0055] An invention of the 21st of this invention, Two or more 2nd fields where 
crystallinity extends in bad linear shape from this 1st field all over the 1st field that 
consists of crystals a nitride system group-III-V-semiconducter layer which forms light 
emitting element structure on the principal surface of a nitride system 
group-III-V-semiconducter board arranged regularly mutually in parallel. It is a 
manufacturing method of a semiconductor light emitting element which manufactured a 
semiconductor light emitting element and a nitride system group-III-V-semiconducter 
layer was kept from earning out direct contact to the 2nd field on the principal surface 
of a nitride system group-III-V-semiconducter board by making it grow up. 
1 0056]Two or more 2nd fields that have the 2nd average dislocation density higher than 
the 1st average dislocation density all over the 1st field that consists of a crystal which 
has the 1st average dislocation density arrange an invention of the 22nd of this 
invention regularly at the 1st interval in the 1st direction, By growing up a nitride 
system group-III-V-semiconducter layer which forms element structure on the principal 
surface of a nitride system group-III-V-semiconducter board regularly arranged at the 
2nd interval smaller than the 1st interval in the 1st direction and the 2nd direction that 
intersects perpendicularly. It is a manufacturing method of a semiconductor device 
which manufactured a semiconductor device, and a nitride system 
group-III-V-semiconducter layer was kept from carrying out direct contact to the 2nd 
field on the principal surface of a nitride system group-III-V-semiconducter board. 
[0057]Two or more 2nd fields that have the 2nd average defect density higher than the 
1st average defect density all over the 1st field that consists of a crystal which has the 
1st average defect density arrange an invention of the 23rd of this invention regularly at 
the 1st interval in the 1st direction, By growing up a nitride system 
group-III-V-semiconducter layer which forms element structure on the principal surface 
of a nitride system group-III-V-semiconducter board regularly arranged at the 2nd 
interval smaller than the 1st interval in the 1st direction and the 2nd direction that 
intersects perpendicularly. It is a manufacturing method of a semiconductor device 
which manufactured a semiconductor device, and a nitride system 
group-III-V-semiconducter layer was kept from carrying out direct contact to the 2nd 



field on the principal surface of a nitride system group-III-V-semiconducter board. 
[0058]Two or more 2nd fields where crystallinity is worse than this 1st field arrange an 
invention of the 24th of this invention regularly at the 1st interval in the 1st direction all 
over the 1st field that consists of crystals, By growing up a nitride system 
group-III-V-semiconducter layer which forms element structure on the principal surface 
of a nitride system group-III-V-semiconducter board regularly arranged at the 2nd 
interval smaller than the 1st interval in the 1st direction and the 2nd direction that 
intersects perpendicularly. It is a manufacturing method of a semiconductor device 
which manufactured a semiconductor device, and a nitride system 
group-III-V-semiconducter layer was kept from carrying out direct contact to the 2nd 
field on the principal surface of a nitride system group-III-V-semiconducter board. 
[0059] An invention of the 25th of this invention, The 1st average dislocation density. 
Two or more 2nd fields that extend in linear shape which has the 2nd average 
dislocation density higher than the 1st average dislocation density all over the 1st field 
that consists of a crystal which it has on the principal surface of a nitride system 
group-III-V-semiconducter board arranged regularly mutually in parallel element 
structure. It is a manufacturing method of a semiconductor device which manufactured 
a semiconductor device by growing up a nitride system group-III-V-semiconducter 
layer to form, A nitride system group-III-V-semiconducter layer was kept from carrying 
out direct contact to the 2nd field on the principal surface of a nitride system 
group-III-V-semiconducter board. 

[0060] An invention of the 26th of this invention, The 1st average defect density. Two or 
more 2nd fields that extend in linear shape which has the 2nd average defect density 
higher than the 1st average defect density all over the 1st field that consists of a crystal 
which it has on the principal surface of a nitride system group-III-V-semiconducter 
board arranged regularly mutually in parallel element structure. It is a manufacturing 
method of a semiconductor device which manufactured a semiconductor device by 
growing up a nitride system group-III-V-semiconducter layer to form, A nitride system 
group-III-V-semiconducter layer was kept from earn ing out direct contact to the 2nd 
field on the principal surface of a nitride system group-III-V-semiconducter board. 
[0061] An invention of the 27th of this invention, Two or more 2nd fields where 
crystallinity extends in bad linear shape from this 1st field all over the 1st field that 
consists of crystals a nitride system group-III-V-semiconducter layer which forms 
element structure on the principal surface of a nitride system group-III-V-semiconducter 
board arranged regularly mutually in parallel. It is a manufacturing method of a 
semiconductor device which manufactured a semiconductor device, and a nitride system 



group-III-V-semiconducter layer was kept from carrying out direct contact to the 2nd 
field on the principal surface of a nitride system group-III-V-semiconducter board by 
making it grow up. 

[0062]Two or more 2nd fields that have the 2nd average dislocation density higher than 
the 1st average dislocation density all over the 1st field that consists of a crystal which 
has the 1st average dislocation density arrange an invention of the 28th of this invention 
regularly at the 1st interval in the 1st direction, It is a manufacturing method of a 
semiconductor light emitting element which manufactured a semiconductor light 
emitting element by growing up a semiconductor layer which forms light emitting 
element structure on the principal surface of a semiconductor substrate regularly 
arranged at the 2nd interval smaller than the 1st interval in the 1st direction and the 2nd 
direction that intersects perpendicularly, A semiconductor layer was kept from carrying 
out direct contact to the 2nd field on the principal surface of a semiconductor substrate. 
[0063]Two or more 2nd fields that have the 2nd average defect density higher than the 
1st average defect density all over the 1st field that consists of a crystal which has the 
1st average defect density arrange an invention of the 29th of this invention regularly at 
the 1st interval in the 1st direction, It is a manufacturing method of a semiconductor 
light emitting element which manufactured a semiconductor light emitting element by 
growing up a semiconductor layer which forms light emitting element structure on the 
principal surface of a semiconductor substrate regularly arranged at the 2nd interval 
smaller than the 1st interval in the 1st direction and the 2nd direction that intersects 
perpendicularly, A semiconductor layer was kept from earn ing out direct contact to the 
2nd field on the principal surface of a semiconductor substrate. 

[0064]Two or more 2nd fields where crystallinity is worse than this 1st field arrange an 
invention of the 30th of this invention regularly at the 1st interval in the 1st direction all 
over the 1st field that consists of crystals, It is a manufacturing method of a 
semiconductor light emitting element which manufactured a semiconductor light 
emitting element by growing up a semiconductor layer which forms light emitting 
element structure on the principal surface of a semiconductor substrate regularly 
arranged at the 2nd interval smaller than the 1st interval in the 1st direction and the 2nd 
direction that intersects perpendicularly, A semiconductor layer was kept from carrying 
out direct contact to the 2nd field on the principal surface of a semiconductor substrate. 
[0065]An invention of the 31st of this invention, The 1st average dislocation density. 
By growing up a semiconductor layer by which two or more 2nd fields that extend in 
linear shape which has the 2nd average dislocation density higher than the 1st average 
dislocation density all over the 1st field that consists of a crystal which it has form light 



emitting element structure on the principal surface of a semiconductor substrate 
arranged regularly mutually in parallel. It is a manufacturing method of a semiconductor 
light emitting element which manufactured a semiconductor light emitting element, and 
a semiconductor layer was kept from carrying out direct contact to the 2nd field on the 
principal surface of a semiconductor substrate. 

[0066] An invention of the 32nd of this invention, The 1st average defect density. By 
growing up a semiconductor layer by which two or more 2nd fields that extend in linear 
shape which has the 2nd average defect density higher than the 1st average defect 
density all over the 1st field that consists of a crystal which it has form light emitting 
element structure on the principal surface of a semiconductor substrate arranged 
regularly mutually in parallel. It is a manufacturing method of a semiconductor light 
emitting element which manufactured a semiconductor light emitting element, and a 
semiconductor layer was kept from earn ing out direct contact to the 2nd field on the 
principal surface of a semiconductor substrate. 

1 0067 1 An invention of the 33rd of this invention, By growing up a semiconductor layer 
by which two or more 2nd fields where crystallinity extends in bad linear shape from 
this 1st field all over the 1st field that consists of crystals form light emitting element 
structure on the principal surface of a semiconductor substrate arranged regularly 
mutually in parallel. It is a manufacturing method of a semiconductor light emitting 
element which manufactured a semiconductor light emitting element, and a 
semiconductor layer was kept from carrying out direct contact to the 2nd field on the 
principal surface of a semiconductor substrate. 

[0068]Two or more 2nd fields that have the 2nd average dislocation density higher than 
the 1st average dislocation density all over the 1st field that consists of a crystal which 
has the 1st average dislocation density arrange an invention of the 34th of this invention 
regularly at the 1st interval in the 1st direction, It is a manufacturing method of a 
semiconductor device which manufactured a semiconductor device by growing up a 
semiconductor layer which forms element structure on the principal surface of a 
semiconductor substrate regularly arranged at the 2nd interval smaller than the 1st 
interval in the 1st direction and the 2nd direction that intersects perpendicularly, A 
semiconductor layer was kept from carrying out direct contact to the 2nd field on the 
principal surface of a semiconductor substrate. 

[0069] Two or more 2nd fields that have the 2nd average defect density higher than the 
1st average defect density all over the 1st field that consists of a crystal which has the 
1st average defect density arrange an invention of the 35th of this invention regularly at 
the 1st interval in the 1st direction, It is a manufacturing method of a semiconductor 



device which manufactured a semiconductor device by growing up a semiconductor 
layer which forms element structure on the principal surface of a semiconductor 
substrate regularly arranged at the 2nd interval smaller than the 1st interval in the 1st 
direction and the 2nd direction that intersects perpendicularly, A semiconductor layer 
was kept from carrying out direct contact to the 2nd field on the principal surface of a 
semiconductor substrate. 

[0070]Two or more 2nd fields where crystallinity is worse than this 1st field arrange an 
invention of the 36th of this invention regularly at the 1st interval in the 1st direction all 
over the 1st field that consists of crystals, It is a manufacturing method of a 
semiconductor device which manufactured a semiconductor device by growing up a 
semiconductor layer which forms element structure on the principal surface of a 
semiconductor substrate regularly arranged at the 2nd interval smaller than the 1st 
interval in the 1st direction and the 2nd direction that intersects perpendicularly, A 
semiconductor layer was kept from carrying out direct contact to the 2nd field on the 
principal surface of a semiconductor substrate. 

[0071] An invention of the 37th of this invention, By growing up a semiconductor layer 
by which two or more 2nd fields that extend in linear shape which has the 2nd average 
dislocation density higher than the 1st average dislocation density all over the 1st field 
that consists of a crystal which has the 1st average dislocation density form element 
structure on the principal surface of a semiconductor substrate arranged regularly 
mutually in parallel. It is a manufacturing method of a semiconductor device which 
manufactured a semiconductor device, and a semiconductor layer was kept from 
carrying out direct contact to the 2nd field on the principal surface of a semiconductor 
substrate. 

[0072]An invention of the 38th of this invention, By growing up a semiconductor layer 
by which two or more 2nd fields that extend in linear shape which has the 2nd average 
defect density higher than the 1st average defect density all over the 1st field that 
consists of a crystal which has the 1st average defect density form element structure on 
the principal surface of a semiconductor substrate arranged regularly mutually in 
parallel. It is a manufacturing method of a semiconductor device which manufactured a 
semiconductor device, and a semiconductor layer was kept from carrying out direct 
contact to the 2nd field on the principal surface of a semiconductor substrate. 
[0073] An invention of the 39th of this invention, By growing up a semiconductor layer 
by which two or more 2nd fields where crystallinity extends in bad linear shape from 
this 1st field all over the 1st field that consists of crystals form element structure on the 
principal surface of a semiconductor substrate arranged regularly mutually in parallel. It 



is a manufacturing method of a semiconductor device which manufactured a 
semiconductor device, and a semiconductor layer was kept from carrying out direct 
contact to the 2nd field on the principal surface of a semiconductor substrate. 
[0074]Two or more 2nd fields that have the 2nd average dislocation density higher than 
the 1st average dislocation density all over the 1st field that consists of a crystal which 
has the 1st average dislocation density arrange an invention of the 40th of this invention 
regularly at the 1st interval in the 1st direction, It is a manufacturing method of an 
element which manufactured an element by growing up a layer which forms element 
structure on the principal surface of a substrate regularly arranged at the 2nd interval 
smaller than the 1st interval in the 1st direction and the 2nd direction that intersects 
perpendicularly, A layer was kept from carrying out direct contact to the 2nd field on 
the principal surface of a substrate. 

[0075]Two or more 2nd fields that have the 2nd average defect density higher than the 
1st average defect density all over the 1st field that consists of a crystal which has the 
1st average defect density arrange an invention of the 41st of this invention regularly at 
the 1st interval in the 1st direction, It is a manufacturing method of an element which 
manufactured an element by growing up a layer which forms element structure on the 
principal surface of a substrate regularly arranged at the 2nd interval smaller than the 1st 
interval in the 1st direction and the 2nd direction that intersects perpendicularly, A layer 
was kept from carrying out direct contact to the 2nd field on the principal surface of a 
substrate. 

[0076]Two or more 2nd fields where crystallinity is worse than this 1st field arrange an 
invention of the 42nd of this invention regularly at the 1st interval in the 1st direction all 
over the 1st field that consists of crystals, It is a manufacturing method of an element 
which manufactured an element by growing up a layer which forms element structure 
on the principal surface of a substrate regularly arranged at the 2nd interval smaller than 
the 1st interval in the 1st direction and the 2nd direction that intersects perpendicularly, 
A layer was kept from carrying out direct contact to the 2nd field on the principal 
surface of a substrate. 

[0077]An invention of the 43rd of this invention, By growing up a layer in which two or 
more 2nd fields that extend in linear shape which has the 2nd average dislocation 
density higher than the 1st average dislocation density all over the 1st field that consists 
of a crystal which has the 1st average dislocation density form element structure on the 
principal surface of a substrate arranged regularly mutually in parallel. It is a 
manufacturing method of an element which manufactured an element, and a layer was 
kept from carrying out direct contact to the 2nd field on the principal surface of a 



substrate. 

[0078]An invention of the 44th of this invention, By growing up a layer in which two or 
more 2nd fields that extend in linear shape which has the 2nd average defect density 
higher than the 1st average defect density all over the 1st field that consists of a crystal 
which has the 1st average defect density form element structure on the principal surface 
of a substrate arranged regularly mutually in parallel. It is a manufacturing method of an 
element which manufactured an element, and a layer was kept from carrying out direct 
contact to the 2nd field on the principal surface of a substrate. 

[0079]An invention of the 45th of this invention, It is a manufacturing method of an 
element which manufactured an element by growing up a layer in which two or more 
2nd fields where crystallinity extends in bad linear shape from this 1st field all over the 
1st field that consists of crystals form element structure on the principal surface of a 
substrate arranged regularly mutually in parallel, A layer was kept from carrying out 
direct contact to the 2nd field on the principal surface of a substrate. 
1 0080 1 In the 16th of this invention - the 45th invention, an interval of the 2nd field that 
extends in an interval (the 1st interval) of the 2nd field of the 1st direction or linear 
shape is the same as that of an interval of the 2nd field or an arrangement interval of the 
2nd field described in relation to an invention of the 1st of this invention. An interval of 
the 2nd field that extends in an interval (the 1st interval) of the 2nd field of the 1st 
direction or linear shape is the same as that of an interval of the 2nd field or an 
arrangement interval of the 2nd field described in relation to an invention of the 1st of 
this invention except for being not less than 50 micrometers typically. Although an 
interval of the 2nd field of the 2nd direction can be freely chosen in the range smaller 
than the 1st interval fundamentally, and is a thing in the 16th - the 18 of this invention, 
the 22nd - the 24, the 28th - the 30, the 34th - the 36, the 40th - the 42nd invention and 
it is based also on a size of the 2nd field, Generally, not less than 10 micrometers 1000 
micrometers or less are not less than 20 micrometers 200 micrometers or less typically. 
Typically in a field (henceforth a "element region") which serves as a chip by scribing 
of a substrate eventually, the 2nd seven or more fields that extend in a sequence of the 
2nd field of the 2nd direction or linear shape are not included substantially. Having 
made into seven here a number of the 2nd field of maximums which extend in a 
sequence of the 2nd field of the 2nd direction or linear shape, It takes into consideration 
that about seven may be contained by a relation with a chip size of an element in an 
element region depending on an interval of the 2nd field that extends in a sequence of 
the 2nd field of the 2nd direction, or linear shape. Generally the number of the 2nd 
fields that extend in a sequence of the 2nd field of this 2nd direction or linear shape is 



three or less typically in a semiconductor light emitting element with a small chip size. 
[0081]In the 16th of this invention - the 45th invention, unless anythings other than the 
above are contrary to that character, having stated in relation to the 1st of this invention 
- the 15th invention is materialized. 

[0082]An invention of the 46th of this invention, The 1st average dislocation density. 
So that a nitride system group-III-V-semiconducter layer may be grown up on the 
principal surface of a nitride system group-III-V-semiconducter board which has the 
2nd field that has the 2nd average dislocation density higher than the 1st average 
dislocation density all over the 1st field that consists of a crystal which it has. It is a 
growing method of a nitride system group-III-V-semiconducter layer carried out, and a 
nitride system group-III-V-semiconducter layer was kept from carrying out direct 
contact to the 2nd field on the principal surface of a nitride system 
group-III-V-semiconducter board. 

[0083]An invention of the 47th of this invention. The 1st average defect density. So that 
a nitride system group-III-V-semiconducter layer may be grown up on the principal 
surface of a nitride system group-III-V-semiconducter board which has the 2nd field 
that has the 2nd average defect density higher than the 1st average defect density all 
over the 1st field that consists of a crystal which it has. It is a growing method of a 
nitride system group-III-V-semiconducter layer carried out, and a nitride system 
group-III-V-semiconducter layer was kept from carrying out direct contact to the 2nd 
field on the principal surface of a nitride system group-III-V-semiconducter board. 
[0084] An invention of the 48th of this invention, It is a growing method of a nitride 
system group-III-V-semiconducter layer it was made to grow up a nitride system 
group-III-V-semiconducter layer from this 1st field all over the 1st field that consists of 
crystals on the principal surface of a nitride system group-III-V-semiconducter board 
with which crystallinity has the 2nd bad field, A nitride system 
group-III-V-semiconducter layer was kept from earn ing out direct contact to the 2nd 
field on the principal surface of a nitride system group-III-V-semiconducter board. 
[0085]An invention of the 49th of this invention is a growing method of a 
semiconductor layer it was made to grow up a semiconductor layer on the principal 
surface of a semiconductor substrate which has the 2nd field that has the 2nd average 
dislocation density higher than the 1st average dislocation density all over the 1st field 
that consists of a crystal which has the 1st average dislocation density, A semiconductor 
layer was kept from carrying out direct contact to the 2nd field on the principal surface 
of a semiconductor substrate. 

[0086]An invention of the 50th of this invention is a growing method of a 



semiconductor layer it was made to grow up a semiconductor layer on the principal 
surface of a semiconductor substrate which has the 2nd field that has the 2nd average 
defect density higher than the 1st average defect density all over the 1st field that 
consists of a crystal which has the 1st average defect density, A semiconductor layer 
was kept from carrying out direct contact to the 2nd field on the principal surface of a 
semiconductor substrate. 

[0087] An invention of the 51st of this invention is a growing method of a 
semiconductor layer it was made to grow up a semiconductor layer from this 1st field 
on the principal surface of a substrate with which crystallinity has the 2nd bad field all 
over the 1st field that consists of crystals, A semiconductor layer was kept from 
carrying out direct contact to the 2nd field on the principal surface of a semiconductor 
substrate. 

[0088]An invention of the 52nd of this invention is a growing method of a layer it was 
made to grow up a layer on the principal surface of a substrate which has the 2nd field 
that has the 2nd average dislocation density higher than the 1st average dislocation 
density all over the 1st field that consists of a crystal which has the 1st average 
dislocation density, A layer was kept from carrying out direct contact to the 2nd field on 
the principal surface of a substrate. 

[0089]An invention of the 53rd of this invention is a growing method of a layer it was 
made to grow up a layer on the principal surface of a substrate which has the 2nd field 
that has the 2nd average defect density higher than the 1st average defect density all 
over the 1st field that consists of a crystal which has the 1st average defect density, A 
layer was kept from carrying out direct contact to the 2nd field on the principal surface 
of a substrate. 

[0090] Crystallinity is a growing method of a layer it was made to grow up a layer on the 
principal surface of a substrate which has the 2nd bad field, and a layer was kept from 
carrying out direct contact of the invention of the 54th of this invention to the 2nd field 
on the principal surface of a substrate from this 1st field all over the 1st field that 
consists of crystals. 

[0091]In the 46th of this invention - the 54th invention, it is the same with having stated 
in relation to the 1st of this invention - the 15th invention about material of a nitride 
system group-III-V-semiconducter board, a nitride system group-III-V-semiconducter 
layer, a semiconductor substrate, a semiconductor layer, a substrate, and a layer. 
[0092]In this invention constituted as mentioned above, A nitride system 
group-III-V-semiconducter layer which forms light emitting element structure or 
element structure, Or a semiconductor layer or a layer which consists of various kinds 



of materials on the principal surface of a nitride system group-III-V-semiconducter 
board, a semiconductor substrate, or a substrate, Since crystallinity is kept from carrying 
out direct contact to the 2nd bad field highly [ average defect density ] more highly 
[ average dislocation density ] than the 1st field, An adverse effect by the 2nd field can 
be prevented from attaining to a nitride system group-III-V-semiconducter layer which 
forms light emitting element structure or element structure, a semiconductor layer, or a 
layer which consists of various kinds of materials. 
[0093] 

[Embodiment of the Invention]Hereafter, it explains, referring to drawings for the 
embodiment of this invention. In the complete diagram of an embodiment, the same 
numerals are given to the portion which is the same or corresponds. Drawing I and 
ig 2 show the GaN board 1 used in a 1st embodiment of this invention, and, as for 
d raw nig I A, the sectional view of the maximum approaching direction of the field B 
and drawing 2 of perspective view and drawing I B are top views. This GaN board 1 is 
a field (0001) (C side) direction in a n type. However, the GaN board 1 may be a thing 
of R side, A side, or M plane direction. In this GaN board 1, the field B which consists 
of a crystal with high average dislocation density into the field A which consists of a 
crystal with low average dislocation density has arranged periodically in the shape of a 
hexagonal lattice, here - the field B ~ unfixed diversification ~ although it is common 
to have pillar-shaped shape, in drawing I A, it simplifies and is considered as 
cylindrical shape (the following ~ the same). In this case, the straight line which 
connects field B of the maximum contiguity is in agreement with the <1-100> direction 
of GaN, and a direction equivalent to it. However, the straight line which connects field 
B of the maximum contiguity may be made in agreement with the <1 1-20> direction of 
GaN, and a direction equivalent to it. The field B has penetrated the GaN board 1. The 
thickness of this GaN board 1 is 200-600 micrometers, the dashed line of d rawing 2 is 
for showing the relative physical relationship of the field B. and is not a line (a physical 
meaning — it is) which exists really (the following ~ the same). 

[0094]The array cycle (interval of the centers of the field B of the maximum contiguity) 
of the field B is 400 micrometers, and the diameter is 20 micrometers. The average 
dislocation density of for example, 2x10 6 cm" 2 and the field B of the average dislocation 
density of the field A is for example, 1x10 8 cm" 2 An example of distribution of radial 
dislocation density is shown in drawing 3 f rom the center of the field B. This GaN 
board 1 can be manufactured as follows, using crystal growth art. The fundamental 
crystal growth mechanism used for manufacture of this GaN board 1 makes a 
rearrangement spread by having a slant face which consists of facet surfaces, growing 



up it, maintaining that facet surface slant face and growing up it, and gathers a position. 
The field grown-up according to this facet surface turns into a defect region of low 
density by movement of a rearrangement. It has a high-density defect region with a 
clear boundary, and growth is performed, and rearrangements gather to the boundary of 
a high-density defect region, or its inside, and are disappeared or accumulated in the 
facet surface slant-face lower part here. The shape of a facet surface also changes with 
shape of this high-density defect region. When a defect region is dot form, facet 
surfaces surround by using the dot as a bottom, and the pit which consists of facet 
surfaces is formed. When a defect region is stripe shape, by using a stripe as the bottom 
of a valley, it has a facet surface slant face on the both sides, and becomes a facet 
surface of the shape of prism of the triangle pushed down horizontally. Then, by giving 
grinding and polish on the surface of a growth phase, flattening of the surface can be 
carried out and it can be considered as the gestalt which can be used as a substrate. The 
above-mentioned high-density defect region may have some states. For example, it may 
consist of polycrystals. Although it is a single crystal, it may fine-incline to a 
surrounding low density defect region.C axis may be reversed to a surrounding low 
density defect region. In this way, this high-density defect region has a clear boundary, 
and is distinguished the surroundings. Without embedding the facet surface around it by 
having this high-density defect region and growing up it, a facet surface can be 
maintained and growth can be gone on. This high-density defect region can be 
generated by forming the seed in the place which forms a high-density defect region 
beforehand, when carrying out crystal growth of the GaN on a substratum substrate. As 
the kind, amorphous or the layer of polycrystal is formed. Moreover, a high-density 
defect region can be exactly formed in the kind of field by growing up GaN. The 
concrete manufacturing method of this GaN board 1 is as follows. First, a substratum 
substrate is prepared. Although various substrates can be used as this substratum 
substrate and general silicon on sapphire may be sufficient, when it takes removing by a 
post process into consideration, it is preferred to use the GaAs substrate etc. which are 
easy to remove. And the kind which consists of a SiC>2 film, for example is formed on 
this substratum substrate. This kind of shape can be made into dot form or stripe shape, 
for example. This kind is regular and can be formed. [ many ] More specifically, a seed 
is formed in this case by the arrangement corresponding to arrangement of the field B 
shown in drawing 2 . Then, for example, thick film growth of the GaN is carried out by 
hydride vapor phase epitaxy (HVPE). The facet surface according to the pattern shape 
of the seed is formed in the surface of the thick film layer of GaN after growth. When a 
seed is a dot form pattern like this 1st embodiment, the pit which consists of facet 



surfaces is formed regularly. On the other hand, when a seed is a pattern of stripe shape, 
a prism-like facet surface is formed, then — removing a substratum substrate ~ further ~ 
the thick film layer of GaN ~ a grinding process ~ polishing work is carried out and 
flattening of the surface is carried out. The GaN board 1 can be manufactured by this. 
Here, the thickness of the GaN board 1 can be set up freely. Thus, C side is the principal 
surface and the manufactured GaN board 1 is the substrate with which the dot form (or 
stripe shape) high-density defect region B of predetermined size, i.e., a field, was 
regularly formed into it. Compared with the field B, single crystal regions A other than 
the field B, i.e., a field, serve as low dislocation density. 

[0095]A dashed line shows typically the rearrangement which exists in the field B of 
this GaN board 1 to d rawin g 4 . If the GaN system semiconductor layer L is grown up 
on such a GaN board 1 as shown in drawing 5 , to this GaN system semiconductor layer 
L, a rearrangement will spread from the field B of the GaN board 1 of a ground, and 
quality will deteriorate. 

|00%]Then, in this 1st embodiment, as shown in drawing 6 . only depth D removes the 
upper part of the field B by etching. Depth D may be 1-10 micrometers. By carrying out 
like this, the surface of the field B can fully be separated from the principal surface of 
the GaN board 1. And as shown in drawing 7. the GaN system semiconductor layer L 
which forms element structure by an organometal chemistry vapor-phase-epitaxy 
(MOCVD) method etc. on this GaN board 1 is grown up. Since the field which this 
rearrangement spreads is limited very in part, the adverse effect by that field can be 
prevented from attaining to the GaN system semiconductor layer L grown-up on the 
principal surface of the GaN board 1, although a rearrangement spreads from the field B 
into the portion which grew on the field B among this GaN system semiconductor layer 
L. 

[0097]Etching of the field B can be performed as follows. Generally, nitride system 
groups III-V semiconducter, such as GaN, are chemically stable, and if acid, such as hot 
strong bases, such as sodium hydroxide, strong chloride, and phosphoric acid, is 
removed, wet etching will not happen near a room temperature. However, the field B 
has much defect density high on dislocation density and a general twist target in the 
GaN board 1 compared with the field A. The integrated state of the atom in which this 
defect density constitutes a crystal from the high field B compared with the field A is 
imperfect, and from the field A near a perfect crystal, since the etch rate is quick, the 
field B can be selectively etched to the field A. Although the mask of the surface of the 
field A may be carried out and this etching may perform it by resist etc., it can etch the 
field B selectively also by carrying out overall etching of the GaN board 1. In order to 



gather an etch rate, it may etch by making temperature of an etching reagent high. A 
potassium hydrate (KOH) can be used for an etching reagent as an alkali solution, and 
phosphoric acid etc. can be used for it as acid, for example. If the example of an etching 
method is given, heating maintenance of the KOH solution put in the etching tub will be 
carried out at 75 **, the GaN board 1 will be dipped for 10 minutes into it, the GaN 
board 1 after the end of etching will be taken out, pure water washing will be performed, 
and it will dry by the blow of dry nitrogen. By this etching, the field B is removable by 
about 5-micrometer Fukashi. That the rear face of the GaN board 1 is etched at the time 
of this etching, and a rough surface etc. occur here in order to prevent, Ti/Pt film which 
laminated the 20-nm-thick Ti film and the 300-nm-thick Pt film one by one are formed 
in the rear face of the GaN board 1 with a vacuum deposition method etc. if needed, and 
it is considered as a protective film, and may be made to etch after that. Etching removal 
of this the Ti/Pt film can be carried out with aqua regia. 

1 0098 1 In addition to the above-mentioned wet etching, dry etching like reactive ion 
etching (RIE) may perform etching of the field B. for example, Thermochemical etching 
by earning out fixed time heating maintenance at the temperature of not less than 800 
** by a hydrogen atmosphere, ammonia atmosphere, etc. may perform. 
[0099]Next, an example of the concrete manufacturing process of the GaN system 
semiconductor laser using the GaN board 1 shown in drawing 6 is explained. Here, the 
GaN system semiconductor laser which has ridge structure and SCH (Separate 
Confinement Heterostructure) structure is explained. 

[0100]Namely, first, as shown in drawing 8 . after defecating the surface of the GaN 
board 1 by thermal cleaning etc., on it by the MOCVD method. N type GaN buffer layer 
5, the n type AlGaN clad layer 6, the n type GaN lightguide 7, the active layer 8 of 
undoped Gai. x In x N/Gai. y In y N multiple quantum well structure, the undoped InGaN 
deterioration prevention layer 9, The p type AlGaN cap layer 10, the p type GaN 
lightguide 11, the p type AlGaN clad layer 12, and the p type GaN contact layer 13 are 
grown epitaxially one by one. 

[0101]Here, as for n type GaN buffer layer 5, thickness is 0.05 micrometer and Si is 
doped as a n type impurity. Thickness is 1.0 micrometer, Si is doped as a n type 
impurity and the Al composition of the n type AlGaN clad layer 6 is 0.08. As for the n 
type GaN lightguide 7, thickness is 0. 1 micrometer and Si is doped as a n type impurity. 
The active layer 8 of undoped In x Gai. x N/In y Gai_ y N multiple quantum well structure, For 
example, x= 0.14 and the In y Gai_ y N layer thickness as a barrier layer are [ y= 0.02 and 
the number of wells of the In x Gai_ x N layer thickness as a well layer ] 3 in 7 nm at 3.5 
nm. 



[0102]The undoped InGaN deterioration prevention layer 9 from the field which is in 
contact with the active layer 8, It has the gray DIDDO structure in which In presentation 
carries out monotone decreasing gradually toward the field which is in contact with the 
p type AlGaN cap layer 9, In presentation in the field which is in contact with the active 
layer 8 is in agreement with the In presentation y of the In y Gai- y N layer as a barrier 
layer of the active layer 8, and In presentation in the field which is in contact with the p 
type AlGaN cap layer 10 has become 0. The thickness of this undoped InGaN 
deterioration prevention layer 9 is 20 nm. 

[0103]As for the p type AlGaN cap layer 10, thickness is 10 nm and magnesium (Mg) is 
doped as a p type impurity. The Al composition of this p type AlGaN cap layer 10 is 0.2. 
While preventing that In is desorbed from the active layer 8 at the time of growth of the 
p type GaN lightguide 11, the p type AlGaN clad layer 12, and the p type GaN contact 
layer 13, and this p type AlGaN cap layer 10 deteriorates, It is for preventing overflow 
of the career (electron) from the active layer 8. As for the p type GaN lightguide 11, 
thickness is 0.1 micrometer and Mg is doped as a p type impurity. Thickness is 0.5 
micrometer, Mg is doped as a p type impurity and the Al composition of the p type 
AlGaN clad layer 12 is 0.08. As for the p type GaN contact layer 13, thickness is 0.1 
micrometer and Mg is doped as a p type impurity. 

[0104]. In. The growing temperature of n type GaN buffer layer 5 which is a layer which 
is not included, the n type AlGaN clad layer 6, the n type GaN lightguide 7, the p type 
AlGaN cap layer 10, the p type GaN lightguide 1 1, the p type AlGaN clad layer 12, and 
the p type GaN contact layer 13 shall be about 1000 **, Growing temperature of the 
active layer 8 of the Gai. x In x N/Gai. y In y N multiple quantum well structure which is a 
layer containing In is made into 700-800 **, for example. 730 **. The growing 
temperature of the undoped InGaN deterioration prevention layer 9 sets it at the growth 
start time as 730 ** as well as the growing temperature of the active layer 8, and is 
raised after that, for example, linearly, and it is it at the end time of growth, and is made 
to be 835 ** as well as the growing temperature of the p type AlGaN cap layer 10. 
[0105]The growth material of these GaN system semiconductor layers is 
trimethylgallium (CH 3 ) (it 3-Ga(s) and) as a raw material of Ga, for example. As a raw 
material of TMG and aluminum, trimethylindium (CH 3 ) ( 3 In, TMI) is used as 
trimethylaluminum (CH 3 ) ( 3 aluminum, TMA) and a raw material of In, and NH 3 is used 
as a raw material of N. As carrier gas, H 2 is used, for example. About a dopant, as a n 
type dopant, for example, a mono silane (SiH 4 ), As a p type dopant, screw = 
methylcyclopentadienyl magnesium (CH 3 C 5 H 4 ) ( 2 Mg) or screw = magnesium 
cyclopentadienyl (C 5 H 5 ) ( 2 Mg) is used. 



[0106]Next, the GaN board 1 into which the GaN system semiconductor layer was 
grown up as mentioned above is picked out from an MOCVD system. All over the p 
type GaN contact layer 13, and for example, a CVD method, a vacuum deposition 
method, By sputtering process etc., for example, after forming a 0.1 -micrometer-thick 
Si0 2 film (not shown), Form the resist pattern (not shown) of the specified shape 
corresponding to the shape of the ridge part with lithography on this Si0 2 film, and this 
resist pattern is used as a mask, For example, a Si0 2 film is etched by the RIE method 
using the etching gas containing fluoride, such as the wet etching using an etching 
reagent or CF 4 of a fluoric acid system, and CHF 3 , and it is considered as the shape 
corresponding to a ridge part. 

[0107]Next, by etching by the RIE method by using this Si0 2 film as a mask by 
predetermined Mr. Fukashi of the thickness direction of the p type AlGaN clad layer 12, 
as shown in drawing 9, the ridge 14 which extends in the <1-100> direction is formed. 
The width of this ridge 14 is 3 micrometers. Chlorine system gas is used as etching gas 
of this RIE. 

[0108]Next, after earning out etching removal of the Si0 2 film used as an etching mask, 
the insulator layer 15 like a 0.3-micrometer-thick Si0 2 film is formed by CVD method, 
vacuum deposition method, sputtering process, etc. to an entire substrate. This insulator 
layer 15 is a thing for electric insulation and a surface protection. 
[0109]Next, a wrap resist pattern (not shown) is formed for the surface of the insulator 
layer 15 of the field except p lateral electrode formation area with lithography. Next, the 
opening 15a is formed by etching the insulator layer 15 by using this resist pattern as a 
mask. 

[01 10]Next, in the state where it has left the resist pattern, after forming for example, Pd 
film, a Pt film, and Au membrane in an entire substrate one by one with a vacuum 
deposition method, a resist pattern is removed with Pd film, the Pt film, and Au 
membrane which were formed on it (lift off). The p lateral electrode 16 which contacted 
the p type GaN contact layer 13 through the opening 15a of the insulator layer 15 by 
this is formed. Here, the thickness of Pd film which constitutes this p lateral electrode 
16, a Pt film, and Au membrane shall be 10 nm, 100 nm, and 300 nm, respectively, for 
example. Next, alloy treatment for carrying out ohmic contact of the p lateral electrode 

16 is performed. 

[0111]Next, a Ti film, a Pt film, and Au membrane are formed in the rear face of the 
GaN board 1 one by one with a vacuum deposition method, and the n lateral electrode 

17 of Ti/Pt/Au structure is formed. Here, the thickness of the Ti film which constitutes 
this n lateral electrode 17, a Pt film, and Au membrane shall be 10 nm, 50 nm, and 100 



nm, respectively, for example. Next, alloy treatment for carrying out ohmic contact of 
the n lateral electrode 17 is performed. 

[0112]Next, as shown in drawin g 10 , cleavage performs scribing of the GaN board 1 
with which laser structure was formed as mentioned above along the border line of the 
element region 2 (lot surrounded as the thick solid line), it is processed into the laser bar 
4, and both resonator edge faces are formed. Next, after performing edge face coating to 
these resonator edge faces, again, cleavage etc. perform scribing of this laser bar 4, and 
chip making is carried out. 

[0113]In drawing 10 , the GaN system semiconductor laser whose gray rectangle is one 
is expressed, the straight line drawn near [ the ] the center is the laser stripe 3, and this is 
equivalent to the position of a luminous region. The rectangle drawn with the dashed 
line with which they stood in a row expresses the laser bar 4, and the long side of this 
laser bar 4 is equivalent to a resonator edge face. 

[0114]In the example shown in drawing 10 . the sizes of a GaN system semiconductor 
laser are 600 micrometers x 346 micrometers. A transverse direction (long side 
direction) divides a lengthwise direction (short side direction) into the GaN system 
semiconductor laser of the size by performing SUKURAIBIN of a substrate, 
respectively along the straight line which does not pass along the field B along the 
straight line which connects the field B. 

[0115]In this case, since the field B will exist only in the end face section of the long 
side of each GaN system semiconductor laser, it is avoidable that the influence of the 
field B reaches a luminous region by designing an element so that the laser stripe 3 may 
be located near the straight line which connects the middle points of a shorter side. 
Although formed in the end face by performing scribing of a substrate by cleavage etc. 
along the straight line of the lengthwise direction in drawing 10 about the mirror of a 
resonator, since the straight line does not pass along the field B, it is not influenced by 
the rearrangement in the field B. Therefore, a GaN system semiconductor laser good a 
luminescent characteristic and reliable can be obtained. The GaN system semiconductor 
laser which has the ridge structure and SCH structure which are made into the purpose 
by the above as shown in drawing 1 1 i s manufactured. 

[01 16] As mentioned above, after according to this 1st embodiment the field B where 
average dislocation density is high removed the upper part of the field B by etching 
among the GaN boards 1 periodically arranged in the shape of a hexagonal lattice and 
separates the surface of the field B from the principal surface of the GaN board 1 in the 
field A where average dislocation density is low, Since the GaN system semiconductor 
layer which forms laser structure on this GaN board 1 is grown up, the adverse effect of 



the field B can be prevented from attaining to the GaN system semiconductor layer used 
for formation of laser structure. For this reason, a luminescent characteristic is good and 
reliability can realize a long lasting high GaN system semiconductor laser. 
[0117]In addition, since according to this 1st embodiment the undoped InGaN 
deterioration prevention layer 9 is formed in contact with the active layer 8 and the p 
type AlGaN cap layer 10 is formed in contact with this undoped InGaN deterioration 
prevention layer 9, While being able to ease substantially the stress generated in the 
active layer 8 by the p type AlGaN cap layer 10 by the undoped InGaN deterioration 
prevention layer 9, it can control effectively that Mg used as a p type dopant of a p type 
layer is spread in the active layer 7. 

[0118]Next, a 2nd embodiment of this imention is described. As show n in drawing ...12. 
in this 2nd embodiment, etching removes all of the fields B of the GaN board 1, and that 
portion is emasculated thoroughly. And as shown in drawing J 3, the GaN system 
semiconductor layer L is grown up by the MOCVD method etc. on this GaN board 1. 
Since things other than the above are the same as that of a 1st embodiment, explanation 
is omitted. Also by this 2nd embodiment, the same advantage as a 1st embodiment can 
be acquired. 

[0119]Next, a 3rd embodiment of this invention is described. As shown in drawing 14 , 
in this 3rd embodiment, etching removal of the upper part of the field B of the GaN 
board 1 is carried out like a 1st embodiment, but dry etching, such as RIE, performs this 
etching in this case. Then, although growth occurs on the field A using the crystallinity 
of the field B being worse than the crystallinity of the field A, on the field B, the GaN 
system semiconductor layer L is grown up by the MOCVD method etc. by the growing 
condition that growth does not occur. As a result, the GaN system semiconductor layer 
L can grow only on the principal surface A of the GaN board 1, i.e., a field. Since things 
other than the above are the same as that of a 1st embodiment, explanation is omitted. 
Also by this 3rd embodiment, the same advantage as a 1st embodiment can be acquired. 
[0120]Next, a 4th embodiment of this invention is described. As shown in drawing 13 , 
in this 4th embodiment, etching removal of the upper part of the field B of the GaN 
board 1 is carried out like a 1st embodiment. Then, although growth occurs on the field 
A using the crystallinity of the field B being worse than the crystallinity of the field A, 
on the field B, transverse direction growth of the GaN system semiconductor layer L is 
carried out by the growing condition that growth does not occur. As a result, the GaN 
system semiconductor layer L can carry out transverse direction growth from on the 
principal surface A of the GaN board 1, i.e., a field, it can meet in the upper part of the 
field B, and flattening of the surface can be carried out eventually. However, the GaN 



system semiconductor layer L is not made to meet, but it is also good not to carry out 
flattening. Since things other than the above are the same as that of a 1st embodiment, 
explanation is omitted. Also by this 4th embodiment, the same advantage as a 1st 
embodiment can be acquired. 

[0121]Next, a 5th embodiment of this invention is described. As shown in drawin g 16 , 
in this 5th embodiment, the insulator layers 18, such as a Si0 2 film, are formed so that 
the portion of the field B may be thoroughly covered among the principal surfaces of 
the GaN board 1. If the field B can be covered thoroughly, this insulator layer 18 may 
be what kind of shape, for example, according to the shape of the field B, also as 
circular, It is completely good also as wrap stripe shape in the field B further located in 
a line with the single tier also as a quadrangle and other polygons including the field B, 
and the field A of a portion in the meantime. Next, as shown in drawing 17 , the GaN 
system semiconductor layer L is grown up by the MOCVD method etc. on this GaN 
board 1. In order that the insulator layer 18 may play the role of a grown mask at this 
time, the GaN system semiconductor layer L grow s only on the principal surface of the 
GaN board 1 in the portion which is not covered with this insulator layer 18. Since 
things other than the above are the same as that of a 1st embodiment, explanation is 
omitted. Also by this 5th embodiment, the same advantage as a 1st embodiment can be 
acquired. 

[0122]Next, a 6th embodiment of this invention is described. As shown in drawing 18, 
in this 6th embodiment, the insulator layers 18, such as a SiC>2 film, are formed like a 
5th embodiment so that the portion of the field B may be thoroughly covered among the 
principal surfaces of the GaN board 1. Next, through the process shown in drawing 18 
and drawing 19 . on the GaN board 1, the MOCVD method etc. are used and transverse 
direction growth of the GaN system semiconductor layer L is carried out by ELO. At 
this time, the GaN system semiconductor layer L which carries out transverse direction 
growth on the insulator layer 18 meets. However, it is good not to make the GaN system 
semiconductor layer L meet, and also make it. Since things other than the above are the 
same as that of a 1st embodiment, explanation is omitted. Also by this 6th embodiment, 
the same advantage as a 1st embodiment can be acquired. 

[0123]Next, a 7th embodiment of this invention is described. As show n in drawing 20. 
in this 7th embodiment, etching removal of the upper part of the field B of the GaN 
board 1 is carried out like a 1st embodiment. Next, the insulator layers 18, such as a 
Si0 2 film, are formed all over the GaN board 1, and the removing part of the field B is 
buried. Next, as shown in drawing 21 , it leaves this insulator layer 18 only to the 
removing part of the field B by performing etchback of the insulator layer 18 by the RIE 



method. Then, the GaN system semiconductor layer L is grown up on the GaN board 1 
like a 5th or 6th embodiment. Since things other than the above are the same as that of a 
1st embodiment, explanation is omitted. Also by this 7th embodiment, the same 
advantage as a 1st embodiment can be acquired. 

[0124]Next, an 8th embodiment of this invention is described. As shown in drawin g 22 , 
in this 8th embodiment, etching removal of the upper part of the field B of the GaN 
board 1 is carried out like a 1st embodiment. Next, the insulator layers 18, such as a 
Si02 film, are formed all over the GaN board 1. At this time, the thickness of this 
insulator layer 18 presupposes that it is small to such an extent that the removing part of 
the field B is not buried thoroughly. Next, the insulator layer 18 on the field A is 
removed by performing etchback of the insulator layer 18, for example by the RIE 
method. Then, the GaN system semiconductor layer L is grown up on the GaN board 1 
like a 5th or 6th embodiment. Since things other than the above are the same as that of a 
1st embodiment, explanation is omitted. Also by this 8th embodiment, the same 
advantage as a 1st embodiment can be acquired. 

[0125]Next, a 9th embodiment of this invention is described. As shown in drawing 23. 
in this 9th embodiment, etching removal of the upper part of the field B of the GaN 
board 1 is carried out like a 1st embodiment. Next, after forming the insulator layers 18, 
such as a Si0 2 film, all over the GaN board 1 and burying the removing part of the field 
B, this insulator layer 18 is patterned after the same shape as a 5th embodiment by 
etching. Then, the GaN system semiconductor layer L is grown up on the GaN board 1 
like a 5th or 6th embodiment. Since things other than the above are the same as that of a 
1st embodiment, explanation is omitted. Also by this 9th embodiment, the same 
advantage as a 1st embodiment can be acquired. 

[0126]Next, a 10th embodiment of this invention is described. As shown in drawing 24, 
in this 10th embodiment, etching removal of the upper part of the field B of the GaN 
board 1 is carried out like a 1st embodiment, but in this case, etched depth shall be large 
enough, for example, shall be about tens of micrometers. Next, as shown in i;^ 
a SiC>2 film etc. form insulator layer 18 all over the GaN board 1. At this time, since the 
removing part of the field B is deep, with the insulator layer 18, thoroughly, this 
removing part is not buried but presupposes that a cave is formed in an inside. Next, the 
insulator layer 18 on the field A is removed by performing etchback of the insulator 
layer 18, for example by the RIE method. Then, the GaN system semiconductor layer L 
is grown up on the GaN board 1 like a 5th or 6th embodiment. Since things other than 
the above are the same as that of a 1st embodiment, explanation is omitted. Also by this 
10th embodiment, the same advantage as a 1st embodiment can be acquired. 



[0127]Next, an 11th embodiment of this invention is described. As shown in draw 
in this 11th embodiment, it is the same as that of a 1st embodiment that the field B has 
arranged periodically in the shape of a hexagonal lattice in the field A of the GaN board 
1, but. It differs from a 1st embodiment that the field C of the interim average 
dislocation density of the average dislocation density of the field A and the average 
dislocation density of the field B is formed as a transition region between the field A 
and the field B. The average dislocation density of the field A specifically Below 2x10 
6 cm" 2 . The average dislocation density of the field B of the average dislocation density 
of the field C is lower than 1x10 8 cm~ 2 , and is [ more than 1x10 8 cm" 2 ] larger than 2x10 
6 cm" 2 , for example (1-2) is a xlO 7 cm" 2 grade. The array cycle (interval of the centers of 
the field B of the maximum contiguity) of the field B is 300 micrometers, and the 
diameter is 20 micrometers. The diameter of the field C is 120 micrometers. 
| () 1 28 1 In this 1 llh embodiment, etching removes the upper part of both the field B of 
the GaN board 1, and the field C to etching having removed the upper part of the field B 
of the GaN board 1 in a 1st embodiment. Since things other than the above are the same 
as that of a 1st embodiment, explanation is omitted. Also by this 11th embodiment, the 
same advantage as a 1st embodiment can be acquired. 

[0129]Next, a 12th embodiment of this invention is described. In this 12th embodiment, 
etching removes all of both the field B of the GaN board 1, and the field C to etching 
having removed all of the fields B of the GaN board 1 in a 2nd embodiment. Since 
things other than the above are the same as that of 1st and 11th embodiments, 
explanation is omitted. Also by this 12th embodiment, the same advantage as a 1st 
embodiment can be acquired. 

[0130]Next, a 13th embodiment of this invention is described. In this 13th embodiment, 
etching removes the upper part of both the field B of the GaN board 1, and the field C to 
etching having removed the upper part of the field B of the GaN board 1 in a 3rd 
embodiment. Since things other than the above are the same as that of 1st and 11th 
embodiments, explanation is omitted. Also by this 13th embodiment, the same 
advantage as a 1st embodiment can be acquired. 

[0131]Next, a 14th embodiment of this invention is described. In this 14th embodiment, 
etching removes the upper part of both the field B of the GaN board 1, and the field C to 
etching having removed the upper part of the field B of the GaN board 1 in a 4th 
embodiment. Since things other than the above are the same as that of 1st and 11th 
embodiments, explanation is omitted. Also by this 14th embodiment, the same 
advantage as a 1st embodiment can be acquired. 

[0132]Next, a 15th embodiment of this invention is described. It is a wrap by the 



insulator layer 18 in both the field B of the GaN board 1, and the field C to having 
covered the field B of the GaN board 1 with the insulator layer 18 in a 5th embodiment 
in this 15th embodiment. Since things other than the above are the same as that of 1st, 
5th, and 11th embodiments, explanation is omitted. Also by this 15th embodiment, the 
same advantage as a 1st embodiment can be acquired. 

[0133]Next, a 16th embodiment of this invention is described. It is a wrap by the 
insulator layer 18 in both the field B of the GaN board 1, and the field C to having 
covered the field B of the GaN board 1 with the insulator layer 18 in a 6th embodiment 
in this 16th embodiment. Since things other than the above are the same as that of 1st, 
5th, and 11th embodiments, explanation is omitted. Also by this 16th embodiment, the 
same advantage as a 1st embodiment can be acquired. 

[0134]Next, a 17th embodiment of this invention is described. In this 17th embodiment, 
etching removes the upper part of both the field B of the GaN board 1, and the field C to 
etching having removed the upper part of the field B of the GaN board 1 in a 7th 
embodiment. Since things other than the above are the same as that of 1st. 5th, and 1 1th 
embodiments, explanation is omitted. Also by this 17th embodiment, the same 
advantage as a 1st embodiment can be acquired. 

[0135]Next, an 18th embodiment of this invention is described. In this 18th 
embodiment, etching removes the upper part of both the field B of the GaN board 1, and 
the field C to etching having removed the upper part of the field B of the GaN board 1 
in an 8th embodiment. Since things other than the above are the same as that of 1st, 5th, 
and 11th embodiments, explanation is omitted. Also by this 18th embodiment, the same 
advantage as a 1st embodiment can be acquired. 

[0136]Next, a 19th embodiment of this invention is described. In this 19th embodiment, 
etching removes the upper part of both the field B of the GaN board 1, and the field C to 
etching having removed the upper part of the field B of the GaN board 1 in a 9th 
embodiment. Since things other than the above are the same as that of 1st, 5th, and 1 1th 
embodiments, explanation is omitted. Also by this 19th embodiment, the same 
advantage as a 1st embodiment can be acquired. 

[0137]Next, a 20th embodiment of this invention is described. In this 20th embodiment, 
etching removes the upper part of both the field B of the GaN board 1, and the field C to 
etching having removed the upper part of the field B of the GaN board 1 in a 10th 
embodiment. Since things other than the above are the same as that of 1st, 5th, and 1 1th 
embodiments, explanation is omitted. Also by this 20th embodiment, the same 
advantage as a 1st embodiment can be acquired. 

[0138]Next, a 21st embodiment of this invention is described. As shown in drawin g 28 , 



unlike a 1st embodiment, in this 21st embodiment, the border line of the rectangular 
element region 2 consists of a straight line which connects the centers of the field B also 
to that long side and shorter side. Also in this case, the position of the laser stripe 3 is 
carried out the line top which connects the middle points of the shorter side of the 
element region 2. By carrying out like this, it is avoidable that the influence of the field 
B reaches a luminous region. 

[0139]In this 21st embodiment, that the mirror of a resonator is formed differs from a 
1st embodiment by performing scribing by cleavage along the border line of the element 
region 2 which consists of a straight line which connects the centers of the field B. Here, 
since the field B has many rearrangements, it is thought that it is easier to break than the 
field A. Therefore, if scribing is performed along the straight line which connects field 
B, so to speak, as for the portion of the field A, cleavage of the field B will be finely 
carried out sure enough in a role like perforations. Under the present circumstances, 
since the end face of the portion of the field B has many rearrangements, it does not 
necessarily become flat, but the end face of the portion of the field A in the meantime 
becomes flat. 

1 01 40 1 Although it is an end face section of the laser stripe 3 that surface smoothness is 
needed, if it is arrangement as shown in Ji t v mj 2".. the end face of the portion of the 
field B does not have ****** in a luminescent characteristic etc. in an adverse effect. 
Since things other than the above are the same as that of a 1st embodiment, explanation 
is omitted. Also by this 21st embodiment, the same advantage as a 1st embodiment can 
be acquired. 

[0141]Next, a 22nd embodiment of this invention is described. Drawing 29 is a top 
view showing the GaN board used in this 22nd embodiment. As shown in drawing 29 . 
in this 22nd embodiment, the element region 2 is demarcated so that the field B may not 
be included in the laser stripe 3. Here, the laser stripe 3 has separated not less than 50 
micrometers from the field B. In this case, the two fields B will be included in the 
element region 2. Since things other than the above are the same as that of a 1st 
embodiment, explanation is omitted. According to this 22nd embodiment, the same 
advantage as a 1st embodiment can be acquired. 

[0142]Next, a 23rd embodiment of this invention is described. Drawin g 30 is a top view 
showing the GaN board used in this 23rd embodiment. This GaN board 1 is C plane 
direction in a n type. However, the GaN board 1 may be a thing of R side, A side, or M 
plane direction. The field B which consists of a crystal with high average dislocation 
density in this GaN board 1 into the field A which consists of a crystal with low average 
dislocation density arranges periodically for example, at intervals of 400 micrometers in 



the <ll-20> direction of GaN, **ll-20** It has arranged periodically at intervals of 20 
- 100 micrometers in the <1-100> direction which intersects perpendicularly with a 
direction. However, the <ll-20> direction and the <1-100> direction may be replaced. 
[01 43] In this 23rd embodiment, as shown in drawing 31 . the end face of a couple 
parallel to the laser stripe 3 passes along the sequence of the field B of the <1-100> 
direction, and the element region 2 is demarcated so that the laser stripe 3 may be 
located near the center of the field between the sequences of this field B. In this case, 
the sequence of the field B is not included substantially in the element region 2. Since 
things other than the above are the same as that of a 1st embodiment, explanation is 
omitted. According to this 23 rd embodiment, the same advantage as a 1st embodiment 
can be acquired. 

[0144]Next, a 24th embodiment of this invention is described. As shown in 
in this 24th embodiment, use the same GaN board 1 as a 23rd embodiment, but. It 
differs from a 23rd embodiment in that the one end face parallel to the laser stripe 3 
passes along the sequence of the field B of the < 1 - 1 00> direction, and it passes along 
the position in which the end face of another side separated from the sequence of this 
field B. In this case, the sequence of the field B is not included substantially in the 
element region 2. Since things other than the above are the same as that of 23rd and 1st 
embodiments, explanation is omitted. According to this 24th embodiment, the same 
advantage as a 1st embodiment can be acquired. 

[0145]Next, a 25th embodiment of this invention is described. As shown in drawing 33, 
in this 25th embodiment, use the same GaN board 1 as a 23rd embodiment, but. It 
differs from a 23rd embodiment in that the element region 2 is demarcated so that the 
end face of a couple parallel to the laser stripe 3 may be located between the sequences 
of the field B of the <1-100> direction as for all and the laser stripe 3 may be located 
near the center of the field between the sequences of this field B. In this case, the 
sequence of the field B is not included substantially in the element region 2. Since 
things other than the above are the same as that of 23rd and 1st embodiments, 
explanation is omitted. According to this 25th embodiment, the same advantage as a 1st 
embodiment can be acquired. 

[0146]Next, a 26th embodiment of this invention is described. As shown in draw ing 34. 
in this 26th embodiment, use the same GaN board 1 as a 23rd embodiment, but. The one 
end face parallel to the laser stripe 3 passes along the sequence of the field B of the 
<1-100> direction, It differs from a 23rd embodiment in that it passes along the position 
in which it was located between the sequence and the sequence of the next field B of the 
field B where the end face of another side adjoins the sequence of this field B 



immediately, and the laser stripe 3 separated not less than 50 micrometers from the 
sequence of the field B. In this case, the sequence of the field B is included one in the 
element region 2. Since things other than the above are the same as that of 23rd and 1st 
embodiments, explanation is omitted. According to this 26th embodiment, the same 
advantage as a 1st embodiment can be acquired. 

[0147]Next, a27th embodiment of this invention is described. As shown in drawing 15. 
in this 27th embodiment, use the same GaN board 1 as a 23rd embodiment, but. The one 
end face parallel to the laser stripe 3 passes along the position which is separated from 
the sequence of the field B of the <1-100> direction, It differs from a 23rd embodiment 
in that it passes along the position in which it was located between the sequence and the 
sequence of the next field B of the field B where the end face of another side adjoins the 
sequence of this field B immediately, and the laser stripe 3 separated not less than 50 
micrometers from the sequence of the field B. In this case, the sequence of the field B is 
included one in the element region 2. Since things other than the above are the same as 
that of 23rd and 1st embodiments, explanation is omitted. According to this 27th 
embodiment, the same advantage as a 1st embodiment can be acquired. 
[0148]Next, a 28th embodiment of this invention is described. Drawing 36 is a top view 
showing the GaN board 1 used in this 28th embodiment. The field B of this GaN board 
1 is the same as that of the GaN board 1 used in a 10th embodiment except for having 
arranged periodically at intervals of 200 micrometers in the <ll-20> direction of GaN. 
In this case, the sequence of the field B is included two in the element region 2. 
[0149]As shown in drawing 36 , in this 28th embodiment, it is located near the center of 
the field between the sequences of the field B where the laser stripe 3 adjoins, and the 
end face of a couple parallel to the laser stripe 3 is located near [ those ] the center 
which are a field between the sequences of the outside field B immediately as the 
sequence of these fields B. Since things other than the above are the same as that of 
23rd and 1st embodiments, explanation is omitted. According to this 28th embodiment, 
the same advantage as a 1st embodiment can be acquired. 

[0150]Next, a 29th embodiment of this invention is described. Drawing 37 is atop view 
showing the GaN board used in this 29th embodiment. This GaN board 1 is C plane 
direction in a n type. However, the GaN board 1 may be a thing of R side, A side, or M 
plane direction. In this GaN board 1, it consisted of a crystal with high average 
dislocation density into the field A which consists of a crystal with low average 
dislocation density, and has arranged periodically for example, at intervals of 400 
micrometers in the <ll-20> direction which intersects perpendicularly with the 
direction of <the field B<1-100 which extends in the direction of 1-100> at a line> of 



GaN. However, the <1-100> direction and the <1 1-20> direction may be replaced. 
[0151]In this 29th embodiment, as shown in drawing 38 , the end face of a couple 
parallel to the laser stripe 3 passes along the field B, and the element region 2 is 
demarcated so that the laser stripe 3 may be located near the center of the field between 
this field B. In this case, the sequence of the field B is not included substantially in the 
element region 2. Since things other than the above are the same as that of a 1st 
embodiment, explanation is omitted. According to this 29th embodiment, the same 
advantage as a 1st embodiment can be acquired. 

[0152]Next, a 30th embodiment of this invention is described. As shown in drawing 39 . 
in this 30th embodiment, the same GaN board 1 as a 29th embodiment is used, but it is 
a point which the one end face parallel to the laser stripe 3 passes along the field B, and 
passes along the position in which the end face of another side separated from the 
sequence of this field B, and differs from a 29th embodiment. In this case, the sequence 
of the field B is not included substantially in the element region 2. Since things other 
than the above are the same as that of 29th and 1st embodiments, explanation is omitted. 
According to this 30th embodiment, the same advantage as a 1st embodiment can be 
acquired. 

[0153]Next, a 31st embodiment of this invention is described. As shown in dr awing 40 , 
in this 31st embodiment, use the same GaN board 1 as a 29th embodiment, but. It 
differs from a 29th embodiment in that the element region 2 is demarcated so that each 
end face of a couple parallel to the laser stripe 3 may be located between the fields B 
and the laser stripe 3 may be located near the center of the field between this field B. In 
this case, the sequence of the field B is not included substantially in the element region 
2. Since things other than the above are the same as that of 29th and 1st embodiments, 
explanation is omitted. According to this 31st embodiment, the same advantage as a 1st 
embodiment can be acquired. 

[0154]Next, a 32nd embodiment of this invention is described. As shown in drawing 41, 
in this 32nd embodiment, use the same GaN board 1 as a 29th embodiment, but. It 
differs from a 29th embodiment in that it passes along the position in which the one end 
face parallel to the laser stripe 3 passed along the field B. and it was located between the 
field B where the end face of another side adjoins the sequence of this field B 
immediately, and its next field B, and the laser stripe 3 separated not less than 50 
micrometers from the field B. In this case, the one field B is included in the element 
region 2. Since things other than the above are the same as that of 29th and 1st 
embodiments, explanation is omitted. According to this 32nd embodiment, the same 
advantage as a 1st embodiment can be acquired. 



[0155]Next, a 33rd embodiment of this invention is described. As shown in drawing 42 . 
in this 33rd embodiment, use the same GaN board 1 as a 29th embodiment, but. It 
differs from a 29th embodiment in that it passes along the position in which the one end 
face parallel to the laser stripe 3 passed along the position which is distant from the field 
B, and the end face of another side was located between the field B which adjoins this 
field B immediately, and its next field B, and the laser stripe 3 separated not less than 50 
micrometers from the field B. In this case, the sequence of the field B is included one in 
the element region 2. Since things other than the above are the same as that of 29th and 
1st embodiments, explanation is omitted. According to this 33rd embodiment, the same 
advantage as a 1st embodiment can be acquired. 

[0156]Next, a 34th embodiment of this invention is described. D rawin g 43 is atop view 
showing the GaN board 1 used in this 34th embodiment. The field B of this GaN board 
1 is the same as that of the GaN board 1 used in a 29th embodiment except for having 
arranged periodically at intervals of 200 micrometers in the <ll-20> direction of GaN. 
In this case, the sequence of the field B is included two in the element region 2. 
[0157]As shown in draw s. 1 1, in this 34th embodiment, it is located near the center of 
the field between the fields B where the laser stripe 3 adjoins, and the end face of a 
couple parallel to the laser stripe 3 is located near [ those ] the center which are a field 
between the outside fields B immediately as these fields B. Since things other than the 
above are the same as that of 29th and 1st embodiments, explanation is omitted. 
According to this 34th embodiment, the same advantage as a 1st embodiment can be 
acquired. 

[0158]As mentioned above, although the embodiment of this invention was described 
concretely, this invention is not limited to an above-mentioned embodiment, and 
various kinds of modification based on the technical idea of this invention is possible 
for it. 

[0159]For example, a numerical value, structure, a substrate, a raw material, a process, 
etc. quoted in the above-mentioned embodiment are only an example to the last, and 
may use a numerical value, structure, a substrate, a raw material, a process, etc. of 
differing from these, if needed. 

[01 60] Although the case where this invention was applied to manufacture of the GaN 
system semiconductor laser of SCH structure was explained in the above-mentioned 
embodiment concrete for example, That this invention may be applied to manufacture 
of the GaN system semiconductor laser of DH (Double Heterostructure) structure, for 
example, of course, It may apply to manufacture of a GaN system light emitting diode, 
and may apply to the electronic run element using nitride system groups III-V 



semiconductor, such as GaN system FET and a GaN system heteroj unction bipolar 
transistor (HBT), further. 

[0161]In an above-mentioned embodiment, the GaN board 1 may be formed on 
different-species boards, such as silicon on sapphire. 

[0162]In an above-mentioned embodiment, although the MOCVD method is used for 
growth of a GaN system semiconductor layer, Other growing methods, such as hydride 
vapor phase epitaxial growth or halide vapor phase epitaxial growth (HVPE), and a 
molecular beam epitaxy (MBE) method, may be used for growth of a GaN system 
semiconductor layer. 

[0163]In an above-mentioned embodiment, although H 2 gas is used as carrier gas at the 
time of growing up by the MOCVD method, mixed gas with other carrier gas, for 
example, H 2 , N2 or helium, Ar gas, etc. may be used if needed. In an above-mentioned 
embodiment, although the resonator edge face is formed by cleavage, a resonator edge 
face may be formed by dry etching like RIE. 
[0164] 

[Effect of the Invention]The nitride system group-III-V-semiconducter layer which 
forms light emitting element structure or element structure according to this invention 
as explained above, Or a semiconductor layer or the layer which consists of various 
kinds of materials on the principal surface of a nitride system 
group-III-V-semiconducter board, a semiconductor substrate, or a substrate, Since 
crystallinity is kept from carrying out direct contact to the 2nd bad field highly [ average 
defect density ] more highly [ average dislocation density ] than the 1st field, The 
adverse effect by the 2nd field can be prevented from attaining to the nitride system 
group-III-V-semiconducter layer which forms light emitting element structure or 
element structure, a semiconductor layer, or the layer which consists of various kinds of 
materials. For this reason, various kinds of long lasting elements a reliable long lasting 
semiconductor light emitting element or characteristic is good, good [ the characteristics 
such as a luminescent characteristic, are good, and ] a reliable long lasting 
semiconductor device or characteristic and reliable are realizable. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Dravv iny i ill is the perspective view and sectional view showing the GaN board used 
in a 1st embodiment of this invention. 

[i ;ng 2]It is a top view showing the GaN board used in a 1st embodiment of this 
invention. 

[Drawing 3] It is an approximate line figure showing an example of distribution of 
dislocation density [ / near the field B of the GaN board used in a 1st embodiment of 
this invention ]. 

[Drawing 4] It is a sectional view for explaining a comparative example with a 1st 
embodiment of this invention. 

[Drawing 5|I t is a sectional view for explaining a comparative example with a 1st 
embodiment of this invention. 

[Drawing 6] It is a sectional view showing the GaN board used in a 1st embodiment of 
this invention. 

[Drawing 7] It is a sectional view showing the state where the GaN system 
semiconductor layer was grown up on the GaN board in a 1st embodiment of this 
invention. 

{Drawing 81 It is a sectional view for explaining the manufacturing method of the GaN 
system semiconductor laser by a 1st embodiment of this invention, 
[pi i 1 "III is a sectional view for explaining the manufacturing method of the GaN 
system semiconductor laser by a 1st embodiment of this invention. 

It is a lop view for explaining the manufacturing method of the GaN 
system semiconductor laser by a 1st embodiment of this invention. 
[Drawing 11] It is a sectional view for explaining the manufacturing method of the GaN 
system semiconductor laser by a 1st embodiment of this invention. 
LP iwing i 2J.lt is a sectional view showing the GaN board used in a 2nd embodiment of 
this invention. 



[Drawing 13] It is a sectional view showing the state where the GaN system 
semiconductor layer was grown up on the GaN board in a 2nd embodiment of this 
invention. 

[Drawing I4] It is a sectional view showing the state where the GaN system 
semiconductor layer was grown up on the GaN board in a 3rd embodiment of this 
invention. 

{Drawing 15 jit is a sectional \ie\\ showing the state where the GaN system 
semiconductor layer was grown up on the GaN board in a 4th embodiment of this 
invention. 

\i> i ! Hit is a sectional \ iew showing the GaN board used in a 5th embodiment of 
this invention. 

[Drawing 17 j it is a sectional view showing the state where the GaN system 
semiconductor layer was grown up on the GaN board in a 5th embodiment of this 
invention. 

[Drawing 18j lt is a sectional view showing the state where the GaN system 
semiconductor layer was grown up on the GaN board in a 6th embodiment of this 
invention. 

[Drawing 19 jit is a sectional view showing the state where the GaN system 
semiconductor layer was grown up on the GaN board in a 6th embodiment of this 
invention. 

[Drawing 20] It is a sectional view for explaining the manufacturing method of the GaN 
board used in a 7th embodiment of this invention. 

[Drawing 2 1 j it is a sectional view for explaining the manufacturing method of the GaN 
board used in a 7th embodiment of this invention. 

[Drawing 22] It is a sectional view showing the GaN board used in an 8th embodiment 
of this invention. 

[Draw t rig 23] It is a sectional view showing the GaN board used in a 9th embodiment of 
this invention. 

l.Dro \ng 24jll is a sectional view for explaining the manufacturing method of the GaN 
board used in a 10th embodiment of this invention. 

* • ■ > ins 25JII is a sectional view for explaining the manufacturing method of the GaN 
board used in a 10th embodiment of this invention. 

[Drawing 26] It is a sectional view for explaining the manufacturing method of the GaN 
board used in a 10th embodiment of this invention. 

U It is a top \ iew showing the GaN board used in an 11th embodiment of 
this invention. 



[Drawing 28] It is a top view for explaining the manufacturing method of the GaN 
system semiconductor laser by a 21st embodiment of this invention. 

s i \ " 'jit is a top view for explaining the manufacturing method of the GaN 
system semiconductor laser by a 22nd embodiment of this invention. 

? ll is a top view for explaining the manufacturing method of the GaN 
system semiconductor laser by a 23rd embodiment of this invention. 
[Dra \.iny 31 jit is a top \ie\\ for explaining the manufacturing method of the GaN 
system semiconductor laser by a 23rd embodiment of this invention. 
[Drawing 32] It is a top view for explaining the manufacturing method of the GaN 
system semiconductor laser by a 24th embodiment of this invention. 
DQ twing 33]It is a top view for explaining the manufacturing method of the GaN 
system semiconductor laser by a 25th embodiment of this invention. 

1 - jit is a top view for explaining the manufacturing method of the GaN 
system semiconductor laser by a 26th embodiment of this invention. 
[Drawing 35 j it is a top view for explaining the manufacturing method of the GaN 
system semiconductor laser by a 27th embodiment of this invention. 
[Drawing 36 l it is a top view for explaining the manufacturing method of the GaN 
system semiconductor laser by a 28th embodiment of this invention. 
[Drawing 37 jit is a top view for explaining the manufacturing method of the GaN 
system semiconductor laser by a 29th embodiment of this invention. 
[Drawin g 3 8] It is a top view for explaining the manufacturing method of the GaN 
system semiconductor laser by a 29th embodiment of this invention. 
[Drawing 39] It is a top view for explaining the manufacturing method of the GaN 
system semiconductor laser by a 30th embodiment of this invention. 
[Drawing 40] It is a top view for explaining the manufacturing method of the GaN 
system semiconductor laser by a 31st embodiment of this invention, 
i Dra wing 4 1 j It is a top view for explaining the manufacturing method of the GaN 
system semiconductor laser by a 32nd embodiment of this invention, 
j Drawing 42j.lt is a top view for explaining the manufacturing method of the GaN 
system semiconductor laser by a 33rd embodiment of this invention, 
i J v g.43]It is a top view for explaining the manufacturing method of the GaN 
system semiconductor laser by a 34th embodiment of this invention. 
[Description of Notations] 

1 ... A GaN board, 2 ... An element region, 3 ... Laser stripe, 5 ... An type GaN buffer 
layer, 6 ... N type AlGaN clad layer, 7 ... A n type GaN lightguide, 8 ... An active layer, 
9 ... Undoped InGaN deterioration prevention layer, 10 [ ... A p type GaN contact layer, 



14 / ... A ridge, 15 18 / ... An insulator layer, 16 / ... n lateral electrode, 17 / ... p lateral 
electrode ] ... A p type AlGaN cap layer, 1 1 ... A p type GaN lightguide, 12 ... A p type 
AlGaN clad layer, 13 



